print — Foun Hyve in Dune: bie, 
| auNSMI1TH and WILLIAM Wee 


id. Key, Bookſellers. MDC XXV III. 


* 


» 


| 
' 


& 2 
. $M . 
1 I® 
35: 3 
Wo > 
Rae, 
** N 
. 4 
q i 


PR 
. — 
n 
* * 
. 
{ D 


— 2 4 1 . << 


SIR, 


uhich, if it were performed 


ſuitable to the dignity of the 


ſubject, might not be a pre- 
ſerit unworthy the acceptance 


his philoſophy affords us the 
+ YT only 


of the greateſt perſon. For 


IN: To the Noble and Right Honourable mW | 


Sir ROBERT WALPOLE. 


78 
ty, 


Take the liberty to 
ſend you this view _ 
of Sir Isaac NR w. 

== ToNn's philoſophy, 


— 
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DEDICATION. 


EC only true account of. the a, Gs 
perations of nature, which 
5 or ſo many ages had imploy- 
ed the curiofity ob mankind; | 

though no one before himwas 
furniſhed. with the. ſtrength 
of mind neceſſary to go any 
1 in this difficult ſearch. 
However, Jam encouraged 
to hope, that this attempt, 
 4.imperfect as it is, to give our 
ountrymen in general ſome 
# Conception of the labours of 
da perſon, who ſhall always be 
the boaſt of this nation, may 
be received with indulgence 
by one, under whoſe influ- 
ence theſe kingdoms enjoy. 
ſo much happineſs. Indeed 
my admiration at the ſurpri- 
Zing inventions s of this great 
2 . 


man, carries me to conceive 


* 


of him as a perſon, who not 
only muſt raiſe the glory of 
the county, which gave him 
birth; but that he has even 
done honour to human na- 
ture, by havin 8 extended the 
| 3 and moſt noble f 
dur faculties, reaſon, to ſub- - | 
Jects, which, till he attempted | 
them, appeared to be wholly {| 
beyond the reach of our li- 
mited capacities. And what 
can give us a more pleaſing 
proſpect of our on conditi- 
on, than to ſee ſo exalted a 
faculty, whereon the conduct | 
of our lives, and our happi- | 
neſs depends ; our pathons | 
and all our motives to action 
. being 
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DEDICATION. 


being in ſuch manner guided 
by our opinions, that where 


theſe are juſt, our whole be 


haviour will be praiſe wor 


reflections as theſe, who muſt 


| have the fulleſt experience 


within'your own mind, of the 


effects of right reaſon ?. For 


to what other ſource can be 


aſcribed that amiable frank. 
neſs and unreſerved condel- 


cenſion among your friends, 


or that maſculine perſpicuity 


ö 8 and ſtrength Of argument, 
whereby you draw the admi- 
ration of the publick, while 
you are engaged in the moſt 
important ot all cauſes, the 
liberties of mankindd 
„„ Ii 


DEDICATION. 


I humbly crave leave to 
make the only acknowledg- 
ment within my power, for 
the benefits, which I receive 
in common with the reſt of 
my countrymen from theſe 
high talents, by ſubſcribing. 
my ſelf 


S 


ST 2: ; | | 


Your moſt faithful, 
ig and 


1 5 Moſt humble Servant, 


HENRY PEMBERTON. | 
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culatiùus in the leahned world. To which purpoſe | 
I. baye:avoided. uſing: terms of art᷑ us much as poſ= | 


ged.re ele. Though" this 'caution was the leſs" nes 


PREFACE. 


ceſſary at preſent, fince many of them are became 


familiar words to our language, from 9755 reat 
Jab 


Pre 
* , 
2 — 


number of books wrote in it upon philoſophic 
 Jetts, and the courſes of experiments, that have 
late years been given by ſeveral ingenious men. 
le other view, I had, was to encourage ſughyoung 
gentlemen as have à turn for the:mathematical fei- 
' ences, to purſue thoſe ſtudies the more.chearfully, 
in order to underſtand in our author himſelf the 
demonſtrations of the things I here declare. And 
zo facilitate their progreſs herein, I intend to pro- 


 ceed ſtill S5 2 2 un of 27 


| 7q 
NEW TON. 5 philofophy. For as I habe rece 

ved very much pleaſure from peruſing his writings, 
T hope it is no illaudable ambition to endeavour 
the rendering them more eafily underſtood, that 
greater numbers. may enjoy. the ſame far infactiom 
{+ will perhaps, Je ebe led, that I ſhouts. ſi 
Something particular of a: perſau, to wh I. maj 
2 .ackdowledge my... ſelf... le /muchi obliged. 
What 1 have to declarà en this head will dap 


ark; for it wos inthe very taſk. years of Sir" 


SAAC's../ife, ther I bad che bonaur of. his 
acquaintances: This happened on i he folowing occa- 
fan... Mr. Polenus, a Profeſſor in the Univerſity of 


Padua, from 4zew.experimentcef bis, thought #he 


common: opinion abaut the forces of moving bodies 
was. ouerturngd, and tbe trut b. , Mr. Bibnitz 


nation in that matter fully: graden. Tbe contrary" 
x of what Polenus had ante N emonſtrateu n 


Fazer: mbich Or. MEA, he huber alt-opporth-+ 
er of abliging-his friends, was pleaſed'ro h 
$i. ISAACNEW.T ON: qui nat ſo mel uh. 


Vi | prove 


ical ſei- 


// —ðLPʒ fd... . 8 


NEF A CA 


proved of by him, that he did me the honour to 
become @ fellow-writer with me, by aunexing. to 
what I had written, a demonſtration of his own 
drawn from auot her confideration. When I print- 
ed my diſcourſe in the philoſophical tranſactious, I 
put what Sir IS. A AC had written ina ſcholium 
E it ſelf, that I might not ſeem to tſurp what. 


did not belong to me. But I concealed his name, 


not being then ſufficiently acquainted. with him -to 
ant mbether be was willing] might make uſe of it 
or not. In a little time after he engaged me to take 
care of the new edition he was about making of his 
Principia. This obliged me to be very frequently 
with him, and as he lived at ſome diftance-from 
me, a great number of letters paſſed between us 
ou this account. When I had the honour'of his con- 
uerſation, I endeauoured to karn his thoughts up- 
on mathematical ſubjets, and ſometbing hiſtorical 
concerning his inventians, that I had not been be- 
fore acquainted with. I found, he had read. fewer 
of the modern mathematicians, than one could haue 


expected; but his own prodigious invention rea- 


dily ſupplied Him with what he mi ht. have an 0c- 
cafion for in the purſuit of any ſubject he under- 


took. I have often beard him cenſure the hand- 
ling geometrical ſubjefs by algebraic calculations; 


and his book of Algabra be called by the name of 


Univerſal Arithmetic, in oppoſition to the injudi>. 
cious title of Geometry,. which Des Cartes had gi- 
ven to the treatiſe, wherein he ſhews, how \the. 


geometer may aſiſt his invention by ſuch kind of 
_ computations. He frequently praiſed Sluſius, Bar- 
row and Huygens for net being influenced by the 


falſe 


bd 


4 | 
* 
7 72 


mirer I have heard 


PREFACE. 


falſe taſte, which then began to prevail. He uſed 


to commend the laudable attempt of Hugo de O- 
merique to reſtore the ancient analyſis, and very 
much eſteemed 'Apollonius's' book De ſectione ra- 
tionis for giving us a clearer notion of that ana- 
Iyfis than we had before. Dr. Barrow may be e- 
Steemed as having ſhewn a compaſs of invention e- 


qual, if not | ſuperior to any of the moderns, our 


author only excepted; but Sir IS AAC NEW. 


TON has ſeveral times particularly recommend - 
ed to me Huygens's ſtile and manner. He thought 


him the moſt elegant of 5 mathematical writer of 


modern times; and the moſt juſt imitator of the au- 


cients. Of their taſte, and form of ' demonſtration 


Sir ISAAC always profeſſed himſelf a great ad- 
ban even-cenſure bimſelf for 


not following them yet more cloſely than he did; 
and ſpeak with regret of his miſtate at the begin- 


ning of his mathematical ſtudies, in applying him-- 
ſelf to the works of Des Cartes and other alge- 


braic writers; before he bad conſidered” the ele- 
ments of Euclide with that attention, which ſo ex- 


cellent a writer deſerves. As to the hiſtory of his 


inventions, hat relates to his diſcoveries of the 


methods of ſeries and fluxions, aud of bis theory of 


light and colours, the world has been ſufficiently in- 
formed of already. The firſt thoughts, which gave 
riſe to his Principia, he bad, when he retired 
from Cambridge in 1666 on account of the plague. 
As he ſat alone in'a garden, le fell into a TI 
tion on the' powe * gravity: that as this power is 
not found ſenfibly dimini ſbed at the remoteſt diſtance 
from the center of the earth; to which we can riſe; 
BA. neither 


"RF © E F A C E. 


neither at the tops of the loftieſt buildings, nor even 
on the ſummits of the higheſt mountains ; it appear- 
ed to him reaſonable to conclude, that this power 


muſt extend much farther than was uſually thought ; 


why not as high as the moon, ſaid he to himſelf? and 


if fo, her motion muſt be influenced by it; perhaps 


ſhe is retained in her orbit thereby. However, tho 
the power of gravity is not ſenſibly weakened in the 
little change of lane, at which we can place our 
ſelves from the center of the earth; yet it is very 


E poſſible, that ſo high as the moon this power = 
0 


differ much in ſtrength from what it is here. 
make an eſtimate, what might be the degree of this 


diminution, he confidered with himſelf, that if the 
moon be retained in her orbit by the force of gra- 


vity, no doubt the primary planets are carried 


round the ſun by the like power. And by comparing 


the periods of the ſeveral planets with their di- 
ſtances from the ſun, he found, that if any power 


like gravity held them in their courſes, its trength 
muſt decreaſe in the duplicate proportion of the © 


increaſe of diſtance. This he concluded by ſuppoſing 
them to move in perfect circles concentrical to the 
ſun, from which the orbits of the greateſt part of 
them do not much differ. Suppoſing therefore the 
power 4 gravity, when extended to the moon, to 
decreaſe in the ſame manner, he computed whether 
that force would be ſufficient to keep the moon in 


ber orbit. In this computation, being abſent from 


books, he took the common eſtimate in uſe among 
geographers and our ſeamen, before Norwood had 
meaſured the earth, that 60 Engliſh miles were con- 
tained in one degree of latitude on the ſurface of 


FFF 


FX 
the earth. But as this is a very faulty ſuppoſition, 
each degree containing about 69 ; of our miles, 
his computation did not anſwer expectation; whence 
he concluded, that ſome other cauſe muſt at leaſt 
join with the action of the power of gravity on the 


moon. On this account he laid afide for that time 
any farther thoughts upon this matter. But ſome 
years after, a letter which he received from Dr. 
Hook, put him on inquiring what was the real fi- 


gure, in which a body let fall from any high place 
deſcends, taking the motion of the earth round its 
axis into confideration. Such a body, having the 
fame motion, which by the revolution of the earth 
the place has whence it falls, is to be confidered 
as projected forward and at the ſame time drawn 
down to the center of the earth. This gave occa- 
fron to his reſuming his former thoughts concerning 
the moon; and Picart in France having lately mea- 
ſured the earth, by uſing his meaſures the moon ap- 
peared to be kept in her orbit purely by the power 
of gravity ; and tonſequently, that this power de- 
creaſes as you recede from the center of the earth 
in the manner our author had formerly conjectured. 
Upon this 1 he found the line deſcribed by 
a falling body to be an ellipſis, the. center of the 
earth being one focus. And the primary planets 
moving in ſuch orbits round the ſun, he had the 
ſatis faction to ſee, that this inquiry, which he had 
andertaken merely out of curioſity, could be appli- 
ed to the greateſt purpoſes. Hereupon he compoſed 


near a dozen propoſitions relating to the motion of 


the primary planets about the ſun.. Several years 


after this, ſome diſcourſe he had with Dr. Hal- 


ley, 


ax retain things chiefly y 
mempry, have appeared off hand more expert than 


* N BFA 


ley, who at Cambrid ge made him a wif, engaged 


Sir ISAAC NEWTON o reſume again 


the conſideration of this ſubjet ; and gave occa- 


fron to his writing the treatiſe which he publifhed 


under the title of mathematical principles of natu- 
ral philoſophy. This treatiſe, full of ſuch a va- 
rieiy of profound inventions, was compoſed by him 
from ſcarce any other materials than the few pro- 
poſitions before mentioned, in the ſpace of one year 


and an half. 
ood his own writings, contrary to what J 
rad frequently heard in diſcourſe from many perſons. 
This opinion of theirs might ariſe perhaps from 
his not being always ready at ſpeaking on theſe ſub- 
jets, when it might be expected he ſhould. But as 
10 this, it may be obſerved, that great genius's are 
frequently liable to be abſent, not only in relation 
to common life, but with 7 to ſome of the 
parts of ſcience they are the beſt informed of. Tn- 


© Tho his —_ was much decayed, I found he per- 
fel «underſtood 
ha 


_ ventfors ſeem to treaſure up in their minds, what 


they have found out, after another manner than 


thoſe do the ſame things, who have not this in- 


ventive faculty. The former, when they have oc- 
caſſon ro produce their knowledge, are in ſome mea- 
fure obliged immediately to inveſtigate part 0 
what they want. For this they are not equally fit 
at all times : ſo it has =_ happened, that ſuch 

means of a very ſtrong 


* 


the diſcoverers themſelves. 


A 40 the moral endowments of his mind, they 
were as mach to be admired as his other talents. _ 
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But this is a field 1 leave others to exſpatiate in. 
| T only touch upon what I experienced my ſelf du- 


on that book. I had reaſon to 


v 


"> — — 
— 


. oy A 
| \ | ö - 
6 : | 4 * w# 4 . «+ 


ring the few years I was happy in his frieudſhip. 
But this I immediately diſcovered in him, which 
at once both ſurprized and charmed me. Neither 


his extreme great age, nor his univerſal reputati- 


on had rendered him ſtiff in opinion, or in any de- 
gree elated. Of this I had occaſion to have almoſt 
daily experience. The remarks I continually ſent 
him by letters on his Principia were received with 
the utmoſt goodneſs. Theſe were ſo far from being 
any ways diſpleaſing to him, that on the contrary it 
occaſioned him to ſpeak many kind things of me 
to my friends, and to honour me with a publick 
teſtimony of his good opinion. He alſo approved of 
the following treatiſe, a great part of which e 
read together. As many alteratious were made in 
the late edition of his Principia, ſo there would 
have been many more if there had been a ſufficient 
time. But whatever of this kind may be thought 
wanting, I ſhall endeavour to ſupply in my comment 
ſon to believe he expected 
ſach a thing from me, aud I intended to have pub- 
liſhed it in his life time, after-T had printed the 
following diſcourſe, and a' mathematical treatiſe 
Sir ISAAC NEWTON had written a long 


while ago, containing the firſt principles of fluxi- 
ons, for I had prevailed on him to let that piece 


go abroad.] had examined all the calculations, and 
prepared part of the figures ; but as the latter. 
part of the treatiſe had never been finiſhed, he 


was about letting me have other papers, in order 
10 ſupply what was wanting. But his death Put 4. 


* 


9 


> 


His book, 


N. Þ „„ /// Lat edit ̃ > Ko 
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flop to that deſign. As to my comment on the Prin- 
cipia, I intend there to demonſtrate whatever Sir 


ISAAC NEWTON has ſet down without 


F es and to explain all ſuch expreſſions in 
as I ſhall judge neceſſary. This comment 
I ſhall forthwith put to the preſs, joined to an eng- 


liſh tranſlation of his Principia, which I have had 


ſome time by me. A more particular account of my 


whole defign has already been publiſhed in the new 


memoirs of literature for the month of March, 


1727. 8 
have preſented my readers with a copy of ver- 


ſes on Sir ISAAC NEWTON, which 
have juſt received from a young Gentleman, whom 


T am proud to reckon among the number of my 


deareſt friends. If had any apprehenſion that this 


piece of poetry ſtood in need of an apology, T ſhould 


be defirous the reader might know, that the author 


is but fixteen years old, and was obliged to finiſh 


his compoſition in a very ſhort ſpace of time. But 
T ſhall only take the liberty to obſerve, that the 


boldneſs of the digreſſions will be beſt judged of by 


thoſe who are acquainted with PLINDAR. 


b A POEM 


e 
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POEM 


O N 


Sir ISAAC NEWTON. 


Oo Newron' s genius, and immortal fame 
Th' advent'rous muſe with trembling pi- 
nion ſoars. 
| Thou, heav'nly truth, from hy n 
throne 
Leak favourable down, do thou aſſiſt 
My lab'ring thought, do thou inſpire my ſong. 


NEW TON, who firſt th? almighty's works diſplay'd, 


And ſmooth'd that mirror, in whoſe 2 face 
The great creator now conſpicuous ſhines; 

Who open'd nature's adamantine gates, 

And to our minds her ſecret powers expos'd; 

N EWTON demands the muſe; his ſacred band | 
Shall guide her infant ſteps; his ſacred hand 

Shall raiſe her to the Heliconian height, 

Where, on its lofty rop inthron'd, her head 

Shall mingle with the Stars. Hail nature, hall, 

O Goldes, handmaid of th' re power, 


Now lift thy head, and to th* admirin few 
Shew thy long hidden beauty. Thee t 

Of ancient fame, immortal PL AT oO's 8 
* . and A EY ſage, 


From 


[ 
[ 


A Poem on Sir ISAAC NEWTON. 
From black -obſcurity's abyſs to raiſe, 


(Drooping and mourning o'er thy wondrous works) 


With vain enquiry ſought. Like meteors theſe 
In their dark age bright ſons of wiſdom ſhone : 
But at thy New TON all their laurels fade, 
They ſhrink from all the honours of their names. 
So glimm'ring ſtars contract their feeble rays, 
When the ſwift luſtre of AURoR A's face 


Flows o'er the skies, and wraps the heay'ns in light, 


TE Deity's omnipotence, the cauſe, 
Th” original of things long lay unknown. 
Alone the beauties prominent to fight _ 
(Of the celeſtial power the outward form) 


Drew praiſe and wonder from the gazing world. 


As when the deluge overſpread the earth, 


Whilſt yet the mountains only rear'd their heads 


Above the ſurface of the wild expanſe, 
Whelar'd deep below the great foundations lay, 
Till ſome kind angel at heav'n's high command 


Roul'd back the riſing tides, and haughty floods, 


And to the ocean thunder'd out his voice: 
Quick all the fwelling and imperiqus waves, 
The foaming billows and obſcuring Aurge, _ 
Back to their channels and their ancient ſeats 
Recoil affrighted: from the darkſome main 
Earth raiſes ſmiling, as new-born, her head, 
And with freſh charms her lovely face arrays. 
So his extenſive. thought accompliſh'd firſt _ 


* 


The mighty task to drive th* obſtructing miſts 


Of ignorance away, beneath whoſe gloom 
Th' inſhrouded majeſty of Nature lay. 


He drew the veil and ſwell'd the ſpreading ſcene. | 


How had the moon around th' ethereal void 
Rang'd, and cluded lab'ring.mortals care, 

Till his invention trac'd her ſecret ſteps, 
While ſhe inconſtant with unſteady rein 
Through endleſs mazes and meanders guides 


In 
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In 
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In its unequal courſe her changing carr: 
Whether behind the ſun's ſuperior light 

She hides the beauties of her radiant face, 

Or, when conſpicuous, ſmiles upon mankind, 
Unveiling all her night-rejoicing charms. 

When thus the ſilver- treſſed moon diſpels 

The frowning horrors from the brow of night, 
And with her ſplendors chears the ſullen gloom, 
While fable-mantled darkneſs with his veil 


The viſage of the fair horizon ſhades, 


And over nature ſpreads his raven wings; 

Let me upon ſome unfrequented green 

While ſleep ſits heavy on the drowſy world, 

Seek out ſome ſolitary peaceful cell, - 
W here darkſorne woods around their gloomy brows 
Bow low, and ev'ry hill's protended ſhade g 
Obſcures the dusky vale, there ſilent dwell, 

Where contemplation holds its ſtill abode, 


There trace the wide and pathleſs void of heav'n, 


And count the ſtars that ſparkle on its robe. 

Or elſe in fancy's wild'ring mazes loſt 

Upon the verdure ſee the fairy clves 

Dance o'er their magick circles, or behold, 

In thought enraptur d with the ancient bards, 
Medea's baleful incantations draw | | 
Down from her orb the paly queen of night. 
But chiefly Ne w Ton let me ſoar with thee, 
And while ſurveying all yon ſtarry vault . 
With admiration I attentive gaze, 
Thou ſhalt deſcend from thy celeſtial ſeat, 


And waft aloft my high- aſpiring mind, 


Shalt ſhew me there how narure has os d 


Her fundamental laws, ſhalt lead my thought 


Through all the wand' rings of th' uncertain moon, 
And teach me all her operating powers. | 

She and the ſun with influence conjoint 

Wield the huge axle of the whirling earth, 


And from their * direction turn the poles 
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Slow urging on the progreſs of the years. 
The conſtellations ſeem to leave their ſeats, 
And o'er the skies with ſolemn pace to move. 
Fou, ſplendid rulers of the day and night, 
The ſeas obey, at your reſiſtlets ſway 
Now they contract their waters, and expoſe 
The dreary deſart of old ocean's reign. 
The craggy rocks their horrid ſides diſcloſe 3 
Trembling the ſailor views the dreadful ſcene, 
And cautiouſly the threat'ning rum ſhuns. - 
But where the ſhallow waters hide the ſands, 
There ravenous deſtruction lurks conceal'd, 
There the ill-guided veſſel falls a prey, 
And all her numbers gorge his greedy jaws. 
But quick returning, ſee th' impetuous rides 
Back to th' abandon'd ſhores impel the main. 
Again the foaming ſeas extend their waves, 
Again the rouling floods embrace the ſhoars, 
And veil the horrors of the empty deep. 
Thus the obſequious ſeas your power confeſs, 
While from the ſurface healrhful vapours rife 
Plenteous throughout the atmoſphere diffus'd, 
Or to ſupply the mountain's heads with ſprings, 
Or fill the hanging clouds with needful rains 
Thar friendly ſtreams, and kind refreſhing ſhow'rs 
May gently lave the ſun-· burnt thirſty plains, 
Or to repleniſh all the empty air 
With wholſome moiſture ro increaſe the fruits 
Of earth, and bleſs the labours of mankind. 
O Newron, whither flies thy mighty ſoul, 
How ſhall the feeble muſe purſue through all 
The vaſt extent of thy unbounded thought, 
That even ſeeks th' unſeen receſſes dark 
To penetrate of providence immenſe. 
And thou the great diſpenſer of the world 
Propitious, who with inſpiration taught'ſt 
Our greateſt bard to ſend thy praiſes forth 5 
Thou, who gav'ſt Nzwron thoughts who fimil'dit 
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When to its bounds he ſtretch'd his ſwelling foul; 1 5 


Who ſtill benignant ever bleſt his toi], 


And deign'd 0 his enlight'ned mind t' appear 


Confeſs'd around th' interminated world: 


To me O thy divine infuſion grant 
(O thou in all ſo infinitely good) . 


That I may ſing thy everlaſting works, 
Thy inexhauſted ſtore of providence, 


In thought effulgent and reſounding verſe. - 
O could I ſpread the wond'rous theme around 
Where the wind cools the oriental world, 
To the calm breezes of the Zephir's breath, 
To where the frozen hyperborean blaſts, 

To where the boiſt'rous tempeſt-leading ſouth 


From their deep hollow, caves ſend forth their ſtor 
Thou {till indulgent parent of mankind, 
Leſt humid emanations ſhould no more 


Flow from the ocean, but diſſolve away 
Through the long ſeries of revolving time; 
And leſt the vital principle decay, | 


By which the air ſupplies the ſprings of life; 


Thou haſt the fiery viſag'd comers form'd 
With vivifying ſpirits all replere, 


Which they abundant breathe about the void, 


Renewing the prolifick foul of 'things. 

No longer now on thee amaz'd we call, 

No longer tremble at imagin'd ills, = 
When comets blaze tremendous from on high, 
Or when extending wide their flaming trains 
With hideous graſp the skies engirdle round, 
And ſpread che terrors of their burning locks. 
For theſe through orbits in the length ning ſpace 
Of many tedious rouling years compleat 

Around the ſun move regularly on; | 


And with the planets in harmonious orbs, 


And myſtick periods their obeyſance pay 
To him majeftick ruler of —— S 


Upon his thrane of circled glory fixt. 
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The mid-day skies in radiant azure clad, 


A Poem on Sir ISAAC NEW TON. 
He or ſome god conſpicuous to the view, 

Or elſe the ſubſtitute of nature ſeems, 

Guiding the courſes of revolving worlds. 

He taught great NEW TON the all-potent laws 
Of gravitation, by whoſe ſimple power 

The univerſe exiſts. Nor here the ſage 

Big with invention ſtill renewing ſtaid. 

Bur O bright angel of the lamp of day, | 
How ſhall the muſe diſplay his greateſt roil? _, 
Let her plunge deep in Aganippe's wayes, 

Or in Caſtalia's ever-flowing ſtream, 


That re-inſpired ſhe may ſing to thee, 


How NEW rToN dar'd advent'rous to unbraid 
The yellow treſſes of thy ſhining hair. 
Or didſt thou gracious leave thy radiant ſphere, 
And to his hand thy lucid ſplendors give, 

T' unweave the light · diffuſing wreath, and part 


The blended glories of thy golden plumes? 


He with laborious, and unerring care, 

How diff rent and imbodied colours form 

Thy piercing light, with juſt diſtinction found. 
He with quick fight purſu d thy darting rays, 
When penetrating to th' obſcure receſs 

Of ſolid matter, there perſpicuous ſaw, 

How in the texture of each body la 

The power that ſeparates the diff rent beams. 


Hence over nature's unadorned face 


Thy bright diverſifying rays dilate 
Their various hues: and hence when vernal rains 


Deſcending ſwift have burſt the low'ring clouds, 


Thy ſplendors through the diſſipating miſts 
In its fair veſture of unnumber'd hues 
Array the ſhow'ry bow. At thy approach 
The morning riſen from her pearly. couch 
With roſy bluſhes decks her virgin cheek ; - 
The ev'ning on the frontiſpiece of heav'n - 
His mantle ſpreads: with many colours gay 
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The ſhining clouds, and ſilver vapours rob'd 
In white tranſparent intermixt with gold, 
With bright variety of ſplendor cloath 
All the illuminated face above. 
W hen hoary-headed winter back retires 
To the chill'd pole, there ſolitary firs + 
Encompaſs'd round with winds and tempeſts bleak 
In caverns of impenetrable ice, | | 
And from behind the diſſipated gloom 
Like a new Venus from the parting ſurge 
The gay-apparell'd ſpring advances on 
When thou in thy meridian brightneſs ſitt'ſt, 
And from thy throne pure emanations flow 
Of glory burſting o'er the radiant skies: 
Then ler the muſe Olympus? top afcend, 
And o'er Theſſalia's plain extend her view, 
And count, O Tempe, all thy beauties o' er. 3 4 
Mountains, whoſe ſummits graſp the pendant clouds, | 
Between their wood-invelop'd {lopes embrace | 
The green-attired vallies. Every flow'r 
Here in the pride of bounteous nature clad 
Smiles on the boſom of th' enamell'd meads. 
Over the ſmiling lawn the filver floods 
Of fair Peneus gently roul along, { 
While the reflected colours from the flow'rs, | ? 
And verdant border pierce the lympid waves, 
And paint with all their vanegared hue. . 
The yellow fands beneath. Smooth gliding on 
The waters haſten to the neighbouring ſea. VVV 
Still the pleas'd eye the floating plain purſues; | 
At length, in Neptune's wide dominion lot. 
Surveys the ſhining billows, that ariſe 
Apparell'd each in Phoebus? bright attire: . 
Or from a far ſome tall majeſtick ſhip, = 
Or the long hoſtile lines of threat'ning fleets, | | 
Which ofer the bright uneven mirror ſweep, 0 
In dazling gold and waving purple deckt; 
Such as of old, when haughty Athens power 


3 

1 

1 

. 
2 . 
8 

5 

1 * 
: M 
. Li 
. : 4 
, 
' 


Their 


The deeds of gods; 'thee wiſe MIN ERA tuughe, ? 


he 


Their hideous front, and terrible array 
Againſt Pallene's coaſt excended wide, 

And with tremendous war and bartel ſtern 

The trembling walls of Potidæa ſhook. 
Creſted with pendams curling with the breeze 
The upright mafts high btiftle in the air, 

Aloft exalting proud their gilded heads. 

The ſilver waves againſt the painted prows 


Raiſe their reſplendent boſoms, and impearl 


The fair vermillion with their glift'ring drops : 
And from on board the iron-cloathed hoſt 
Around the main a gleaming horrour caſts; 
Each flaming buckler like rhe mid-day ſun, 
Each plumed helmet like the filver moon, 
Each moving gauntlet like the light'ning's blaze, 
And like a ftar each brazen pointed ſpear. 
Bur lo the ſacred high-crected fanes, 
Fair-citadels, and marble-crowned towers, 
And ſumptuous palaces of ſtately towns 
Magnificent arile, upon their heads 
Bearing on high a wreath of filver light. 
But ſee my muſe che high Pierian hill, 


Behold its ſhaggy looks and airy top, 


Up to the skies th* imperious mountain 

The ſhining verdure of the nodding woods. 

Sce where the ſilver Hippocrene flows, 

Behold each glnr'ring rivulet, and rill 0 
Through mazes wander down the green deſcent, 
And ſparkle chrough the inter woven trees. 
Here reſt àa while and humble homage pay, 

Here, where the ſacred genius, that inſpir'd 
Sublime M ON Es und PIN DAR“s breaſt, 
His habitation once was fam'd to hold. 


Here thou, CG HoM Ex, offerꝭdſt up thy vows; 


Thee, the kind muſe CA L LI O Y A heard, 
And led thee to the empyrean ſcats, | 
There manifeſted to thy hallow'd eyes | 
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A Poem on Sir IS AAC NEWTON. 
The wondrous art of knowing human kind; | 
Harmonious Px os B us tun'd thy heav'nly mind, 
And ſwell'd to rapture each exalted ſenſe; 
Even M a rs the dreadful battle-ruling god, 
M a Rs taught thee war, and with his bloody hand 
Inſtructed thine, when in thy ſounding lines | 
We hear the rattling of Bellona's carr, | 
The yell of diſcord, and the din of arms. 
PiNnD AR, when mounted on his fiery ſteed, 
Soars to the fun, oppoling eagle like 
His eyes undazled to the fierceſt rays. = 
He firmly ſeared, not like GL a vc vs ſon, 

Strides his ſwift-winged and fire-breathing horſe, 
And born aloft ſtrikes with his ringing hoofs 
The brazen vault of heav'n, ſuperior there 
Looks down upon the ſtars, whole radiant light 
Illuminates innumerable worlds, 3 
That through eternal orbirs roul beneath. 
Bur thou all hail immortalized ſon | 
Of harmony, all hail thou Thracian bard, 
To whom AÞoLLo gave his tuneful lyre. 
O mighr'ſt thou, OxPHEvs, now again reviye, 
And NE wron ſhould inform thy liſt'ning ear 

| How the ſoft notes, and ſoul-inchanting ſtrains 
Of thy own lyre were on the wind conyey'd. 
He taught the muſe, how ſound progreflive floats 
VU pon the waving particles of air, — 
When harmony in ever- pleaſing ſtrains, 
 Melodious melting at each lulling fall, 

With ſoft alluring penetration ſteals 
Through the enraptur'd ear to inmoſt thought, 
And folds the ſenſes in its ſilken bands. | 
So the ſweer. muſick, which from OR ym'tvs touch 
And fam'd AM YH IO N's, on the ſounding ſtring 
Aroſe harmonious, gliding on the air, 
Pierc'd the tough-bark'd and knotty- ribbed woods, 
Into their ſaps ſoft inſpiration breath'd 3 
And taught attention to the ſtubborn oak. 


Thus 
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Thus when great HE N R y, and brave M 
B ROUGH led . | 
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Th' imbattled numbers of B RITANNTIA's ſons, 
The trump, that ſwells th' expanded cheek of fame, 


That adds new vigour to th' gen'rous youth, 
And rouzes ſluggiſh cowardize it ſelf, 


The trumper with its Mars-inciting voice, 


The winds broad breaſt impetuous (weeping o'er 


Fill'd the big note of war. Th' inſpired hoſt 


With new-born ardor preſs the trembling G a v 1; 


Nor greater throngs had reach'd eternal nighr, 
Not it the fields of Agencourt had yawn'd 
Expoſing horrible the gulf of fate; 

Or roaring Danube ſpread his arms abroad, 
And overwhelm'd their legions with his floods. 
Bur let the wand'ring mule at length return; 
Nor yet, angelick genius of the ſun, 

In worthy lays her high-attempring ſong 


Has blazon'd forth thy venerated name. 


Then let her ſweep the loud-reſounding lyre 
Again, again o'er each melodious ſtring 
Teach harmony to tremble with thy praiſe. 


And ſtill thine ear O favourable grant, 


And ſhe ſhall tell thee, that whatever charms, 
Whatever beauties bloom on nature's face, | 
Proceed from thy all-influencing lighr. 

That when ariſing with tempeſtuous rage, 

The North impetuous rides upon the clouds 


* 


Diſperſing round the heav'ns obſtructive gloom, 


And with his dreaded prohibition ſtays 
The kind effuſion of thy genial beams; 
Pale are the rubies on AuRoRa's lips, 


No more the roſes bluſh upon her cheeks, 
Black are Peneus' ſtreams and golden ſands 


In Tempe's vale dull melancholy firs, 
And every flower reclines its languid head. 
By what high name ſhall I invoke thee, fay, 


Thou life-infuſing deity, on thee 


I call, 


A poem on Sir /S A AC NEWTON. 
I call, and look propitious from on high, | 
While now to thee I offer up my prayer. 

O had great NEwrToN, as he found the cauſe, 


By which ſound rouls thro' th' undulating air, | 
O bad he, baffling times reſiſtleſs power, = 
Diſcover'd what that ſubtle ſpirit is, | = 


Or whatſoe'er diffuſive elſe is ſpread 

Over the wide-extended univerſe, 

Which cauſes bodies to reflect the light, 

And from their ſtraight direction to divert 

The rapid beams, that through their ſurface pierce. 

But ſince embrac'd by th' icy arms of A 

And his quick thought by times cold hand congeal'd, 

Ev'n NEwT ON left unknown this hidden power; 

Thou from the race of human kind ſelect 

Some other worthy of an angel's care, 

With inſpiration animate his breaſt, 

And him inſtruct in theſe thy ſecret laws. | 

O let not NEW TON, to whoſe ſpacious view, 

Nov unobſtructed, all th' extenſive ſcenes 

Of the ethereal ruler's work ariſe; | | 

When he beholds this earth he late adorn'd, $ 

Let him not ſee philoſophy in tears, ff 

Like a fond mother ſolitary firs 

Lamenting him her dear, and only child.. 

But as the wiſe Py THAGoR AS, and he, = 

W hoſe birth with pride the fam'd Abdera boaſts, _ 

With expectation having long furvey'd _ 

This ſport their antient ſeat, with joy beheld 

Divine philoſophy at length appear | | 

In all her charms majeſtically fair, _ | 

Conducted by immortal NE WrTON's hand: 

So may he ſee another ſage ariſe, —  _ b 

That ſhall maintain her empire: then no more | 

Imperious ignorance with haughty ſway - | 

Shall ſtalk rapacious o'er the rayag'd globe: 5 

Then thou, O NEM TON, ſhalt protect theſe lines, 

The humble tribute of the grateful muſe; N 
„ | e'er 
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A Poem on Sir TS AAC NEWTON. 
Ne'er ſhall the ſacrilegious hand deſpoil 

Her laurel'd temples, whom his name preſerves: 
And were the equal to the mighty theme, 

Futurity ſhould wonder at her ſong; 

Time thould receive her with extended arms, 


Scat her conſpicuous in his rouling carr, 


And bear her down to his extreameſt bound. 


FABLES with wonder tell how Terra's ſons 
With iron force unloos'd the ſtubborn nerves 


Of hills, and on the cloud-inſhrouded top 
Of Pelion Offa pid. But if the vaſt 


Gigantick deeds of favage ſtrengrh demand 
Attonithmept from men, what then ſhalt thou, 
O what expreflive rapture of the foul, 
When thou before us, NEW r ON, doſt diſplay 
The labours of thy great excelling mind, 
When thou unveileſt all the wondrous ſcene, 
The vaſt idea of th' eternal king, Fe 
Not dreadful bearing in his angry arm 


The thunder hanging o'er our trembling heads; 


But with th' effulgency of love replete, 
And clad with power, which form'd th' extenſive hea- 
vens. e 


O happy he, whoſe enterprizing hand 


VUnbars the golden and relucid gates 
Of th' empyrean dome, where thou enthron'd 


Philoſophy art ſeared. Thou ſuſtain'd 
By the firm hand of everlaſting truth 


Deſpiſeſt all the injuries of time: 


Thou never know'ft decay when all around, 
Antiquity obſeures her head. Behold 
Th' 1 towers, the Babylonian walls, 
And Thebes with all her hundred gates of braf, 
Behold them ſcatrer'd like the duſt abroad. 


Whatever now is flouriſhing and proud, 


Whatever ſhall, muſt know devouring age. 


Euphrates? 
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Euphrates? ſtream, and ſeven-mouthed Nile, 

And Danube, thou that from Germania's foil 

To the black Euxine's far remoted ſhore, 

O'er the wide bounds of mighty nations ſweep'ſt 

In thunder loud thy rapid floods along. 

Ev'n you ſhall feel inexorable time; 

To you the fatal day ſhall come; no more . 

Your torrents then ſhall ſhake the trembling ground, 

No longer then to inundations ſwol'n | 

FTh' imperious waves the fertile paſtures drench, 

Bur ſhrunk within a narrow channel glide 

Or through the year's reiterated courſe 

Whentime himſelf grows old, your wond'rous ſtreams 

Loſt ev'n to memory ſhall lie unknown 

Beneath obſcurity, and Chaos whelm d. 

Bur ſtill thou ſun illuminateſt all 

The azure regions round, thou guideſt ſtill 

The orbits of the planetary ſpheres; 

The moon ſtill wanders o'er her changing courſe, 

And ſtil, O N EWTON, ſhall thy name ſurvive: 

As long as nature's hand directs the world, 

When ev'ry dark obſtruction ſhall retire, © 

And ev'ry ſecret ore its hidden ftore, 

Which the dim- ſighted age forbad to ſee, 

Age that alone could ſtay thy rifing ſoul. | 

And could mankind among the fixed ſtars, | q 

E'en to th' extremeſt bounds of knowledge reach, | 

To thoſe unknown innumerable ſuns, 

W hoſe light but glimmers from thoſe diſtant worlds, 

Ev'n to thoſe utmoſt boundaries, thoſe bars 

That ſhur the entrance of th' illumin'd ſpace 

Where angels only tread the vaſt unknown, 

Thou ever ſhould'ſt be ſeen immortal there: | 
In cach new ſphere, each new-appearing ſun, | 

In fartheſt regions at the very verge |: 

Of the wide univerſe ſhould'ſt thou be ſeen. 
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A Poem on Sir /S AAC NEWTON. 
And lo, th' all- potent goddeſs NATURE takes 
With her own hand thy great, thy py reward 

Of immortality ; aloft in air 


See ſhe diſplays, and with eternal graſp 
Uprears the trophies of great NEwrToON's fame, 


R. GLOVER. 
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INTRODUCTION 


HE manner, in which Sir Isaac NRw- 
TON has publiſhed his philoſophical diſ- 

. coveries, occaſions them to he very much 
concealed from all, who have not made 
the mathematics particularly their ſtudy. 
He once, indeed, intended to deliver, 

in a more familiar Way, that part of his inventions, 
which relates to th@ſyſtem of the world; but upon 
farther conſiderationf he altered his deſign. For as the 

nature of thoſe diſcoveries made it impoſſible to prove 
them upon any other than geometrical principles; he 
apprehended, that thoſe, who ſhould not fully per- 
ceive the force of his arguments, would hardly be pre- 
vailed on to exchange their former ſentiments for new 
opinions, ſo very different from what were commonly? 
received :. He therefore choſe rather to explain himſelf 
only to mathematical readers; and declined the attempt- | 
ing to inſtruct ſuch in any of his principles, who, by not 
comprehending his method of reaſoning, could not, at 
the firſt appearance of his diſcoveries, have been perſuad- 
ed of their truth. But now, ſince Sir Is AAC NEW“ 

o N's doctrine has been fully eſtabliſhed by the una- 
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nimous approbation of all, who are qualified to under- 


ſtand the ſame; it is without doubt to be wiſhed, that {| 


the whole of his improvements in philoſophy might 
be univerſally known. For this purpoſe therefore I 
drew up the following papers, to give a general no- 
tion of our great philoſopher's inventions to ſuch, as 
are not prepared to read his own works, and yet might 
deſire to be informed of the progreſs, he has made in 
natural knowledge; not doubting but there were many, 
beſides thoſe, whoſe turn of mind had led them into a 
cCourſe of mathematical ſtudies, that would take great 
pleaſure in taſting of this delightful fountain of ſcience. 
2. I'T is a juſt remark, which has been made upon the 
human mind, that nothing is more ſuitable to ir, than 
the contemplation of truth; and that all men are mov- 
ed with a ſtrong deſire after knowledge; eſteeming it 
honourable to excel therein; and holding it, on the 
contrary, diſgraceful to miſtake, err, or be in any way 
deceived. And this ſentiment is by nothing more fully 
illuſtrated, than by the inclination of men to gain an 
- acquaintance with the operations of nature; which dit- 
poſition to enquire after the cauſes of things is · ſo gene- 
ral, that all men of letters, I believe, find themſelves 
influenced by it. Nor is it difficult to aſſign a reaſon 
for this, if we conſider only, that our deſire after know- 
ledge is an effect of that taſte for the ſublime and the 
beautiful in things, which chiefly conſtitutes the diffe- 
rence between the human life, and the life of bruces. 
Theſe inferior animals partake with us of the pleaſures, 
that immediately flow from the bodily ſenſes and ap- 
petites; but our minds are furniſhed with a ſuperior 
ſenſe, by which we are capable of receiving various 
degrees of delight, where the creatures below us per- 
ceive no difference. Hence ariſes that purſuit of grace 
and elegance in our thoughts and actions, and in all 
things belonging to us, which principally creates im- 
ployment for the active mind of man. The thoughts of 
the human mind are too extenſive to be confined only to 


the 
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the providing and enjoying of what is neceſſary for the 
ſupport of our being. It is this taſte, which has given 
riſe to poetry, oratory, and every branch of literature 
and ſcience. From hence we feel great pleaſure in con- 
ceiving ſtrongly, and in apprehending clearly, even 
where the paſſions are not concerned. Perſpicuous rea- 
ſoning appears not only beautiful; but, when ſet forth 
in its full ſtrength and dignity, it partakes of the ſub- 
lime, and not only pleaſes, but warms and elevates the 
ſoul. This is the ſource of our ſtrong deſire of know- 
ledge; and the ſame taſte for the ſublime and the beau- 
titul directs us to chuſe particularly the productions of 
nature for the ſubject of our contemplation : our cre- 
ator having ſo adapted our minds to the condition, 
wherein he has placed us, that all his viſible works, 
before we inquire into their make, ſtrike us with the 
moſt lively ideas of beauty and magnificence. 

3. Bur if there be ſo ſtrong a paſſion in contem- 
plative minds for natural philoſophy ; all ſuch muſt 
certainly receive a particular pleaſure in being informed 
of Sir IS AAC NEwrToN's diſcoveries, who alone 
has been able to make any great advancements in the 
true courſe leading to natural knowledge : whereas this 
important ſubject had before been uſually attempted 
with that negligence, as cannot be reflected on with- 
out ſurprize. Excepting a very few, who, by purſu- 
ing a more rational method, had gained a little true 
knowledge in ſome particular parts of nature; the wri- 
ters in this ſcience had generally treated of it after ſuch 
a manner, as if they thought, that no degree of certain- 
ty was ever to be hoped for. The cuſtom was to 
frame conjectures ; and if upon comparing them with 


things, there appeared ſome kind of agreement, though 


very imperfect, it was held ſufficient. Vet at the ſame 
time nothing leſs was undertaken than entire ſyſtems, 
and fathoming at once the greateſt depths of nature; 
as if the ſecret cauſes of natural effects, contrived and 
framed by infinite wiſdom, could be ſearched out 7 
SG. B 2 the 
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the ſlighteſt endeavours of our weak underſtandings. 
Whereas the only method, that can afford us any pro- 
ſpe& of ſucceſs in this difficult work, is to make our 
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enquiries with the utmoſt caution, and by very flow 


degrees. And after our moſt diligent labour, the great- 
eſt part of nature will, no doubt, for ever remain be- 
yond our reach. „ | 
4. Tris neglect of the proper means to enlarge 
our knowledge, joined with the preſumption to attempt, 
what was quite out of the power of our limited facul- 
ties, the Lord B a con judiciouſly obſerves to be the 
great obſtruction to the progreſs of ſcience. Indeed 
that excellent perſon was the firſt, who expreſly writ 
againſt this way of philoſophizing; and he has laid 
open at large the abſurdity of it in his admirable trea- 
tiſe, intitled NovumM ORGANON SCIENTIA- 
RUM; and has there likewiſe deſcribed the true method, 
which ought to be followec. 5 
7. THERE are, faith he, but two methods, that 
can be taken in the purſuit of natural knowledge. One 
is to make a haſty tranſition from our firſt and ſlight 


obſervations on things to general axioms, and then to 


proceed upon thoſe axioms, as certain and unconteſta- 
ble principles, without farther examination. The other 
method; (which he obſerves to be the only true one, 
but to his time unattempred ;) is to proceed cautiouſly, 


to advance ſtep by ſtep, reſerving the moſt general prin- 


ciples for the laſt reſult of our enquiries*. Concerning 


the firſt of theſe two methods; where objections, 
-which happen to appear againſt any ſuch axioms taken 


up in haſte, are evaded by ſome frivolous diſtinction, 
when the axiom it ſelf ought rather to be corrected®; 
he affirms, that the united endeavours of all ages cannot 
make ir ſucceſsful; becauſe this original error in the 
firſt digeſtion of the mind (as he expreſſes himſelf) 


Nov. Org. Scient . | > Nov. Org, L. 1, Aph. 19. 
| Ibid. Aph. 25. 
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cannot afterwards be remedied* ; whereby he would 
fignify to us, that if we ſet out in a wrong way; no 
diligence or art, we can uſe, while we follow ſo erro- 
' neous a courſe, will ever bring us to our deſigned end. 
and doubtleſs it cannot prove otherwiſe; for in this 
ſpacious field of nature, if once we forſake rhe true 
path, we ſhall immediately loſe our ſelves, and muſt 
for ever wander with uncertainty. 

6. TE impoſſibility of ſucceeding in fo faulty a 
method of philoſophizing his Lordſhip endeavours to 
prove from the many falſe notions and prejudices, to 
which the mind of man is expoſed *. And ſince this 
judicious writer apprehends, that, men are ſo exceeding 
liable to fall into theſe wrong tracts of thinking, as to 
incur great danger of being miſled by them, even while 
they enter on the true courſe in purſuit of nature* ; I 
truſt, I ſhall be excuſed, if, by inſiſting a little particu- 
| larly upon this argument, I endeavour to remove what- 
ever prejudice of this kind, might poſſibly entangle the 
mind of any of my readers. 8 
7. His Lordſhip has reduced theſe prejudices and 
falſe modes of conception under four diſtin& heads. 
8. TRR firſt head contains ſuch, as we are ſubject 
to from the very condition of humanity, through the bj 
.. weakneſs both of our ſenſes, and ot the faculties of 0 
the mind; ſeeing, as this author well obſerves, the {| 
ſubtilty of nature far exceeds the greateſt ſubtilty of our | 
| ſenſes or acuteſt reaſonings *. One of the falſe modes of 
conception, which he mentions under this head, is the 
forming to our ſelves a fanciful ſimplicity and regularity -_ 
in natural things. This he illuſtrates by the following 
inſtances z the conceiving the planets to move in per- 
fect circles; the adding an orb of fire ro the other 


2 Aph. 30. Errores radicales| b Aph, 33. 
& in prima digeſtione mentis ab | © Ibid. 
excellentia functionum & reme-| 4 Aph. 39. 


diorum ſequentium non curan-| © Aph, 41 233 3 / 
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three elements, and the ſuppoſing each of theſe to ex- 
ceed the other in rarity, juſt in a decuple proportion *. 
And of the ſame nature is the aſſertion of Des CAR 
Es, Without any proof, that all things are made up 
of three kinds of matter only b. As alſo this opinion of 
another philoſopher z that light, in paſſing through diffe- 
rent mediums, was refracted, fo as to proceed by that 
way, through which it would move more ſpeedily, than 
through any other *. The ſecond erroneous turn of 
mind, taken notice of by his Lordſhip under this head, 
is, that all men are in ſome degree prone to a fondneſs 
for any notions, which they have once imbibed; where- 
by they often wreſt things to reconcile them to thoſe 
notions, and neglect the conſideration of whatever will 
not be brought to an agreement with them; juſt as 
thoſe do, who are addicted to judicial aſtrology, to the 
obſervation of dreams, and to ſuch- like ſuperſtitions 
who carefully preſerve the memory of every incident, 
which ſerves to confirm their prejudices, and let flip 
out of their minds all inſtances, that make againſt them . 


There is alſo a farther impediment to true knowledge, 


mentioned under the ſame head by this noble writer, 
which is; that whereas, through the weakneſs and im- 
perfection of our ſenſes, many things are concealed 
from us, which have the greateſt effect in producin 

natural appearances; our minds are ordinarily — 
affected by that, which makes the ſtrongeſt impreſſi- 
on on our organs of ſenſe; whereby we are apt to 
judge of the real importance of things in nature by a 
wrong meaſure ©. So, becauſe the figuration and the 
motion of bodies ſtrike our ſenſes more immediately 
than moſt of their other properties, DEs CARTESs and 
his followers will not allow any other explication of 


* Aph. 45. 1 8 ä 1 
b Des Cartes Princ. Phil, Part, | 4 Nov. Org. Aph. 46. 
"Yo Wo „„ SS 
© Fermat, in Oper. pag, 156, e 
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natural appearances, than from the figure and motion 


of the parts of matter. By which example we fee how 
juſtly his Lordſhip obſerves this cauſe of error to be 
the greateſt of any*; ſince it has given riſe to a funda- 
mental principle in a ſyſtem of philoſophy, that not 
long ago obtained almoſt an univeffal reputation. 

9. TH Es E are the chief branches of thoſe obſtructi- 


ons to knowledge, which this author has redueed un- 


der his firſt head of falſe conceptions. The ſecond 
head contains the errors, to which particular perſons 


are more eſpecially obnoxious*. One of theſe is the 


conſequence of a preceding obſervation : that as weare 
expoſed to be caprivated by any opinions, which have 
once taken poſſeſſion of our minds; ſo in particular, 
natural knowledge has been much corrupted by rhe 


ſtrong attachment of men to ſome one part of ſcience, 
of which they reputed themſelves the inventers, or a- 


bout which they have ſpent much of their time; and 


hence have been apt to conceive it to be of greater 
uſe in the ſtudy of natural philoſophy than it was: 
like AR Is TOT LE, who reduced his phyſics to logi- . - 


cal diſputations; and the chymiſts, who thought, that 
nature could be laid open only by the force of their 
fires *. Some again are wholly carried away by an ex- 
ceſſive veneration for antiquity z others, by too great 


- fondneſs for the moderns; few having their minds 


ſo well ballanced, as neither to depreciate the merit of 


the ancients, nor yet to deſpiſe the real improvements 
of later times. To this is added by his Lordſhip a 
difference in the genius of men, that ſome are moſt 


fitted to obſerve the ſimilitude, there is in things, 
while others are more qualified to diſcern the particu- 


lars, wherein they diſagree; both which diſpoſitions of 


mind are uſeful: bur ro the prejudice of philoſophy 
men are apt to ryn into excels in each; while one ſorr 


2 Aph. 50. | © Aph. 54. 
b Aph. 53. | a Aph. 56, 
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EE INTRODUCTION. 
of genius dwells roo much upon the groſs and ſum of 
things, and the other upon trifling minuteneſſes and 
ſhadowy diſtinctions “. 5 1 
10. UN DER the third head of prejudices and falſe 
notions this writer conſiders ſuch, as follow from the 
lax and indefinite uſe of words in ordinary diſcourſe; 
which occaſions great ambiguities and uncertainties in 
philoſophical debates (as another eminent philoſopher has 
ſince ſhewn more at large b;) inſomuch that this our 
author thinks a ſtrict defining of terms to be ſcarce an 
infallible remedy againſt this inconvenience *. And per- 
haps he has no ſmall reaſon on his fide: for the com- 
mon inaccurate ſenſe of words, nocwithſtanding the li- 
mitations given them by definitions, will offer it ſelf 
ſo conſtantly to the mind, as to require great caution 
and circumſpection for us not to be deceived thereby. 
Of rhis we have a very eminent inſtance in the great 
diſputes, that have been raiſed about the uſe 4 the 
word attract ion in philoſophy; of which we ſhall be 
obliged hereafter to make particular mention 2. Words 
thus to be guarded againſt are of two kinds. Some 
are names of things, that are only imaginary *; ſuch 
words are wholly to be rejected. But there are other 
terms, that allude to what is real, though their ſignifi- 
cation is confuſed *. And theſe latter muſt of neceſſi- 
ty be continued in uſe; but their ſenſe cleared up, and 
freed, as much as poſſible, from obſcurity. 1 
11. T E laſt general head of theſe errors compre- 
hends ſuch, as follow from the various ſects of falſe 
philoſophies 3 which this author divides into three ſorts, 
the ſophiſtical, empirical, and ſuperſtitious*. By the 
firſt of theſe he means a philoſophy built upon ſpecu- 
lations only without experiments *; by the ſecond, where 


+ Aph. ine. .. © Nov. Org. L. i. Aph. 59. 
b Locke, On human under-] f Ibid. Aph. 60, - 5 
OE EE RS E Ibid. Aph. 62. 
' © Nov. Org. * 59. „FC Sh. 
d In the concluſion. S 
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experiments are blindly adhered to, without proper 
reaſoning upon them *; and by the third, wrong opini- 
ons of nature fixed in mens minds either through falſe 
religions, or from miſunderſtanding the declarations of 
the true b. 8 OE = 

12. THESE are the four principal canals, by which 
this judicious author thinks, that philoſophical errors 
have flowed in upon us. And he rightly obſerves, that 


the faulty method of proceeding in philoſophy, againſt 


which he writes, is ſo far from aſſiſting us towards 
overcoming theſe prejudices; that he apprehends it ra- 
ther ſuited to rivet them more firmly to the mind 4. 
How great reaſon then has his Lordſhip to call this 
Way of philoſophizing the parent of error, and the bane 
of all knowledge®©? For, indeed, what elſe but miſtakes 

can ſo bold and preſumptuous a treatment of nature pro- 
duce? have we the wiſdom neceſſary to frame a world, 
that we ſhould think ſo eaſily, and with fo {light a 
ſearch to enter into the molt ſecret ſprings of nature, 
and diſcover the original cauſes of things ? what chime- 
ras, what monſters has not this prepoſterous method 


brought forth? what ſchemes, or what hypotheſis's of 


the ſubtileſt wits has not a ſtricter enquiry into nature 
not only overthrown, but manifeſted to be ridiculous 
and abſurd ? Every new improvement, which we make 
in this ſcience, lets us ſee more and more the weakneſs 
of our gueſſes. Dr. HA R vE V, by that one diſcovery 
of the circulation of the blood, has diſſipated all the ſpe- 
culations and reaſonings of many ages upon the animal 
oeconomy. As EL LI us, by detecting the lacteal veins, 
ſhewed how little ground all phy ſicians and philoſophers 
had in conjecturing, that the nutritive part of the aliment 
was abſorbed by the mouths of the veins ſpread upon the 
| bowels: and then PE C E r, by finding out the tho- 
racic duct, as evidently proved the vanity of the opinion, 


which wasperſiſted in after the lacteal veſſels were known, 


2 Aph. 64. | d Nov. Org. -L. i. Aph. 69. 
Aph. 65. „ TI; N i 
See above, $ 4, 5. | that 


# * 8 
FT FY 
TOE 

. 28 
* 5% 

Pg... 4 


147 
A 73 8 
2 4 7 
* 4 


INTRODUCTION. 
that the alimental juice was conveyed immediately to the 
liver, and there converted into blood. | | 
13. As theſe things ſet forth the great abſurdity of- 
proceeding in philoſophy on conjectures, by informing 
us how far the operatigns of nature are above our low 
conceptions ; ſo on tlie other hand, ſuch inſtances of 
ſucceſs from a more judicious method ſhew us, that 
our bountiful maker has not left us wholly without 
means of delighting our ſelves in the contemplation of 
his wiſdom. That by a juſt way of inquiry into nature, 
we could not fail of arriving at diſcoveries very re- 
mote from our apprehenſions; the Lord B AON him- 
ſelf argues from the experience of mankind. If, ſays 
he, the force of guns th 
ignorant of them, by their effects only; he might rea- 
ſonably ſuppoſe, that thoſe engines of deſtruction were 
only a more artificial compoſition, than he knew, of 
wheels and other mechanical powers: but it could ne- 


ver enter his thoughts, that their immenſe force ſhould 


be owing to a peculiar ſubſtance, which would en- 
kindle into ſo violent an exploſion, as we experience 
in gunpowder : ſince he would no where ſee the leaft 
example of any ſuch operation; except 8 in 
earthquakes and thunder, which he would doubtleſs 
look upon as exalted powers of nature, greatly ſurpaſ- 
ſing any art of man to imitate. In the ſame manner, if 
a ſtranger to the original of ſilk were ſhewn a garment 


made of it, he would be very far from imagining fo 


ſtrong a ſubſtance to be ſpun out of the bowels of a 


' \mall worm; but muſt certainly believe it either a ve- 


getable ſubſtance, like flax or cotton ; or the natural 
covering of ſome animal, as wool is of ſheep. Or had 
we been told, before the invention of the magnetic 


needle among, us, that another people was in poſſeſſion 
of a certain contrivance, by which they were inabled 


to diſcover the poſition of the heavens, with vaſtly 
more eaſe, than we could do; what could have been 


imagined more, than that they were provided with 


ſome 


ould be deſcribed to any one f 
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ſome fitter aſtronomical inſtrument for this purpoſe than 
we? That any ſtone ſhould have ſo amazing a pro- 
perty, as we find in the magnet, muſt have been the 
remoteſt from our thoughts. 
14. Bur what ſurpriſing advancements in the know- 
ledge of nature may be made by purſuing the true 
courſe in philoſophical inquiries z when thoſe ſearches | 
are conducted by a genius equal to ſo divine a work, 
will be beſt underſtood by conſidering Sir IS AAC 
NEwrToN's diſcoveries. That my reader may appre- 
hend as juſt a notion of theſe, as can be conveyed to 
him, by the brief account, which I intend to lay be- 
fore him; I have ſer apart this introduction for explain- 
ing, in the fulleſt manner I am able, the principles, 
whereon Sir IS AAC NEW TON proceeds. For with- 
out a clear conception of theſe, it is impoſſible to form 
any true idea of the ſingular excellence of the inven- 
tions of this great philoſopher. | 

17. Tae principles then of this philoſophy are; upon 
no conſideration to indulge conjectures concerning the 
powers and laws of nature, but to make it our endea- 
vour with all diligence to ſearch out the real and true 
laws, by which the conſtitution of things is regulated. 
The philoſopher's firſt care muſt be to diftinguiſh, 
what he ſees to be within his power, from what is 
beyond his reach; to aſſume no greater degree of 
knowledge, than what he finds himſelf poſſeſſed of; 
but to advance by ſlow and cautious ſteps; to ſearch 
— into natural cauſes; to ſecure to himſelf the 

nowledge of the moſt immediate cauſe of each ap- 
pearance, before he extends his views farther to cau- 
ſes more remote. This is the method, in which philo- 
ſophy ought to be cultivated; which does not pre- 
tend to ſo great things, as the more airy ſpeculations; 
but will perform abundantly more : we ſhall not perhaps 
ſeem to the unskilful to know ſo much, but our real 


2 Ibid. Aph. 109. 
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knowledge will be greater. And certainly it is no ob- 
jection againſt this method, that ſome others promiſe, 


what is nearer to the extent of our wiſhes : ſince this, if 


it will not teach us all we could deſire to be inform- 
ed of, will however give us ſome true light into na- 
ture; which no other can do. Nor has the philoſo- 
pher any reaſon to think his labour loſt, when he finds 
himſelf ſtopt at the cauſe firſt diſcovered by him, or 


at any other more remote cauſe, ſhort of the original: 


for if he has but ſufficiently proved any one cauſe, he 
has entered ſo far into the real conſtitution of things, 


has laid a ſafe foundation for others to work upon, and 
has facilitated their endeavours in the ſearch after yet 
more diſtant cauſes; and beſides, in the mean time he 


may apply the E of theſe intermediate cauſes 
to many uſeful purpoſes. Indeed the being able to 
make practical deductions from natural cauſes, conſti- 


tutes the great diſtinction between the true philoſophy 


and the falſe. Cauſes aſſumed upon conjecture, muſt 


be ſo looſe and undefined, that nothing particular can 
be collected from them. But thoſe cauſes, which are 


brought to light by a ſtrict examination of things, will 
be more diſtinct. Hence it appears to have been no 
unuſeful diſcovery, that the 4 of water in pumps 
is owing to the preſſure of the air by its weight or 
ſpring; though the cauſes, which make the air gravi- 
tate, and render it elaſtic, be unknown: for notwith- 
ſtanding we are ignorant of the original, whence theſe 
powers of the air are derived; yet we may receive much 
advantage from the bare knowledge of theſe powers. 
If we are but certain of the degree of force, where- 
with they act, we ſhall know the extent of what is 
to be expected from them; we ſhall know the grea- 


teſt height, to which it is poſſible by pumps to raiſe 


water; and ſhall thereby be prevented from making 


any uſeleſs efforts towards improving theſe inſtruments 


beyond the limits preſcribed to them by nature; whereas 
without ſo much knowledge as this, we might proba- 


bly 
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| bly have waſted in attempts of this kind much time 


and labour. How long did philoſophers buſy themſelves 
to no purpoſe in endeayouring to perfect teleſcopes, by 
forming the glaſſes into ſome new figure; till Sir I- 
SAac NEwToON demonſtrated, that the effects of 


teleſcopes were limited from another cauſe, than was 


ſuppoſed 3 which no alteration in the figure of the glaſ- 
ſes could remedy ? What method Sir IS AAC Ne w- 
ToN himſelf has found for the improvement of tele- 
ſcopes ſhall be explained hereafter *. Bur at preſent I 
ſhall proceed to illuſtrate, by ſome farther inſtances, 
this diſtinguiſhing character of the true philoſophy, 


which we have now under conſideration. It was no 


trifling diſcovery, that the contraction of the muſcles 
of animals puts their limbs in motion, though the ori- 
ginal cauſe of that contraction remains a ſecret, and per- 
haps may always do ſo; for the knowledge of thus 
much only has given riſe to many ſpeculations upon 
the force and artificial diſpoſition of the muſcles, and 
has opened no narrow proſpect into the animal fabrick. 
The finding out, that the nerves are great agents in 
this action, leads us yet nearer to the original cauſe, 
and yields us a wider view of the ſubject. And each 
of theſe ſteps affords us aſſiſtance towards reſtoring this 
animal motion, when impaired in our ſelves, by point- 
ing out the ſeats of the injuries, to which it is obno- 
xious. To negle& all this, becauſe we can hitherto 
advance no farther, is plainly ridiculous. It is confeſſed 
by all, that GA LI LE o greatly improved philoſophy, 

by ſhewing, as we ſhall relate hereafter, that the pow- 
er in bodies, which we call gravity, occaſions them to 
move downwards with a velocity equably accelerated *; 
and that when any body is thrown forwards, the ſame 
power obliges it to deſcribe in its motion that line, 


which is called by geometers a parabola : yet we are 


Book III. Chap. iv. | © Ibid, $ 85. &c. 
Book I. Chap. 2. $ 14. &c. 3 
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ignorant of the cauſe, which makes bodies gravitate. 


But although we are unacquainted with the ſpring, 
whence this power in nature is derived, neverthelcis 
we can eſtimate its effects. When a Body falls perpen- 
dicularly, it is known, how long time it takes in de- 
ſcending from any height whatever: and if it be thrown 
forwards, we know the real path, which it deſcribes ; 
we can determine in what direction, and with what 
degree of ſwiftneſs it muſt be projected, in order to 
its ſtriking againſt any object deſired ; and we can al- 
ſo aſcertain the very force, wherewith it will ſtrike. 
Sir IS AAC NET ON has further taught, that this 
power of gravitation extends up to the moon, and cau- 
ſes that planet to gravitate as much towards the earth, 
as any of the bodies, which are familiar to us, would, 


if placed at the fame diſtance * : he has proved likewiſe, 


that all the planets gravitate towards the ſun, and to- 
wards one another; and that their reſpective motions 
follow from this gravitation. All this he has demon- 
ſtrated upon indiſputable geometrical principles, which 


cannot be rendered precarious for want of knowing 


what it is, which cauſes theſe Bodies thus mutually to 
erer. : any more than we can doubt of the propen- 
ty in all the bodies about us, to deſcend towards the 
earth; or can call in queſtion the fore- mentioned pro- 
poſitions of GALILEO, which are built upon that 
principle. And as GA LI L. E o has ſhewn more fully, 
than was known before, what effects were produced 
in the motion of bodies by their gravitation towards 
the earth; ſo Sir Is AA NeEwroxN, by this his in- 
vention, has much advaneed our knowledge in the ce- 
leſtial motions. By diſcovering that the moon gravi- 


tates towards the ſun, as well as towards the earth; 


he has laid open thoſe intricacies in the moon's mo- 
tion, which no aſtronomer, from obſervations only, 
could ever find out *: and one kind of heavenly bo- 


2 See Book II. Ch. 3. 5 3, 4. of this treatiſe, 
o See Book II. Ch. 3. of this treatiſe, 
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dies, the comets, have their motion now clearly aſcer- 


tained; whereof we had before no true knowledge at 
all *. | : 
16. DovsBTLEsSS it might be expected, that 
ſuch ſurprizing ſucceſs ſhould have filenced, at once, 
my cavil. But we have ſeen the contrary. For be- 


cauſe this philoſophy profeſſes modeſtly to keep within 
the extent of our faculties, and is ready to confeſs its 
imperfections, rather than to make any fruitleſs at- 
' tempts to conceal them, by ſeeking to cover the de- 
fects in our knowledge with the vain oſtentation of 


raſh and groundleſs conjectures; hence has been taken 
an occaſion to inſinuate that we are led to miraculous 
cauſes, and the occult qualities of the ſchools. 

17. Bur the farſt of theſe accuſations is very ex- 
traordinary. If by calling theſe cauſes miraculous no- 
thing more is meant than only, that they often appear 
to us wonderful and ſurprizing, it is not eaſy to ſee 
what difficulty can be raiſed from thence 3; for the 
works of nature diſcover every where ſuch proofs of 


the unbounded power, and the conſummate wiſdom of 
their author, that the more they are known, the more 


they will excite our admiration : and it is too manifeſt 
to be inſiſted on, that the common ſenſe of the word 
miraculous can. have no place here, when it implies 
what is above the ordinary courſe of things. The other 
imputation, that theſe cauſes are occult upon the ac- 
count of our not perceiving what produces them, con- 
tains in it great ambiguity. That ſomething relating 
to them lies hid, the followers of this philoſophy are 
ready to acknowledge, nay deſire it ſhould be careful- 
ly remarked, as pointing out proper ſubjects for future 
inquiry. But this is very different from the proceeding 
of the ſchoolmen in the cauſes called by them occult. 
For as their occult qualities were underftood to ope- 


: 3 Sec Book II. Chap. 4. of this treatiſe. c 
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if ſo they were obtruded upon us for ſuch original and 
ebſſential properties in bodies, as made it vain to ſeek 
1 any farther cauſe ; and a greater power was attributed 
1 to them, than any natural appearances authorized. For 


i inſtance, the riſe of water in pumps was aſcribed to a | 
5 certain abhorrence of a vacuum, which they thought 
Wal, fit to aſſign to nature. And this was fo far a true ob- 


ſervation, that the water does move, contrary to its 
uſual courſe, into the ſpace, which otherwiſe would 
be left void of any ſenſible matter; and, that the pro- 
1 curing ſuch a vacuity was the apparent cauſe of the 
ii water s aſcent. But while we were not in the leaſt in- 
| formed how this power, called an abhorrence of a va- 
[| cuum, produced the viſible effects; inſtead of making 
any advancement in the knowledge of nature, we only 
11 gave an artificial name to one of her operations: and 
when the ſpeculation was puſhed ſo beyond what any 


Wl | appearances required, as to have it concluded, thar 
15 this abhorrence of a vacuum was a power inherent in 
9 . all matter, and fo unlimited as to render it impoſſible 
1 for a vacuum to exiſt at all; it then became a much 
i greater abſurdity, in being made the foundation of a molt . 


11.307 ridiculous manner of reaſoning z as at length evidently 
Us | appeared, when it came to be diſcovered, that this riſe 
of the water followed only from the preſſure of the 
air, and extended it felf no farther, than the power of 
that cauſe. The ſcholaſtic ſtyle in diſcourſing of theſe 
occult qualities, as if they were eſſential differences in 
the very ſubſtances, of which bodies conſiſted, was 
certainly very abſurd ; by reaſon it tended to diſcou- 
rage all farther inquiry. But no ſuch ill conſequences 
can follow from the conſidering of any natura! cauſes, 
which confeſſedly are not traced up to their firſt ori- 
ginal. How ſhall we ever come to the knowledge of the 
ſeveral original cauſes of things, otherwiſe than by ſto- 
ring up all intermediate cauſes which we can difcover ? 
Are all the original and eſſential properties of matter 
ſo very obvious, that none of them can eſcape our Art | 
| 5 1 VIEW © 
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view? This is not probable. It is much more likely, 


that, if ſome of the eſſential properties are diſcover- 
ed by our firſt obſervations, a ſtricter examination 


ſhould bring more to light. | 
18. Bur in order to clear up this point concer- 
ning the eſſential properties of matter, let us conſider 


the ſubje& a little diſtinctly. We are to conceive, that 


the matter, out of which the univerſe of things is 


formed, is furniſhed with certain qualities and powers, 
whereby it is rendered fit to anfwer the purpoſes, for 
which it was created. But every property, of which 


any. particle of this matter is in it ſelf poſſeſſed, and 
which is not barely rhe conſequence of the union of 
this particle with other portions of matter, we may call 


an eſſential property: whereas all other qualities or at- 
tributes belonging to bodies, which depend on their 


particular frame and compoſition, are not eſſential to 
the matter, whereof ſuch bodies are made; becauſe 


the matter of theſe bodies will be deprived of thoſe 


qualities, only by the diſſolution of the body, without 


working any change in the original conſtitution of one 


ſingle particle of this mals of matter. Extenſion we ap- 
prehend to be one of theſe eſſential properties, and im- 


penetrability another. Theſe two belong univerſally to 
all matter; and are the principal ingredients in the idea, 
which this word matter uſually excites in the mind. 
Vet as the idea, marked by this name, is not purely 


the creature of our own underſtandings, but is taken 
for the repreſentation of a certain ſubſtance without us; 
if we ſhould diſcover, that every part of the ſubſtance, 
in which we find theſe two properties, ſhould likewiſe 


| be endowed univerſally with any other eſſential quali- 
ries 4.8 theſe, from the time they come to our notice, 
mu 


muſt be united under our general idea of matter. How 
many ſuch properties there are actually in all matter 
we know not; thoſe, of which we are at preſent ap- 


prized, have been found out only by our obſervations 


on things; how many more a farther ſearch may bring 


18 INTRODUCTION. 
to light, no one can ſay; nor are we certain, that we 
are provided with ſufficient methods of preception to 

diſcern them all. Therefore, ſince we have no other 
way of making diſcoveries in nature, but by gradual 
inquiries into the properties of bodies; our firſt ſtep 
muſt be to admit without diſtinction all the proper- 

ties, which we obſerve ; and afterwards we muſt en- 

deavour, as far as we are able, to diſtinguiſh between 
the qualities, wherewith the very ſubſtances themſelves 
are indued, and thoſe appearances, which reſult from 
the ſtructure only of compound bodies. Some of the 
properties, which we obſerve in things, are the attri- 

butes of particular bodies only; others univerſally be- 
long to all, that fall under our notice. Whether ſome 
of the qualities and powers of particular bodies, be de- 
rived from different kinds of matter entring their com- 


poſition, cannot, in the preſent imperfect ſtate of our 


knowledge, abſolutely be decided; though we have not 


yet any reaſon to conelude, but that all the bodies, 


with which we converſe, are framed out of the very 
= occaſioned only by their ſtructure; through the variety 


| Whereof the general powers of matter are cauſed to 
produce different effects. On the other hand, we 
thould not haſtily conclude, 'that whatever is found to 
appertain to all matter, which falls under our exami- 
nation, muſt ſor that reaſon only be an eſſential pro- 
perty thereof, and not be derived from ſome unſeen 
diſpoſition in the frame of nature. Sir Is AA c NE w- 
TON has found reaſon to conclude, that gravity is a 
- property univerſally belonging to all the perceptible bo- 
dies in the univerſe, and to every particle of matter, 
whereof they are compoſed. But yet he no where aſ- 
ſerts this property to be eſſential to matter. And he 
was ſo far from having any deſign of eſtabliſhing it as 
ſuch, that, on the contrary, he has given ſome hints 
worthy of himſelf at a cauſe for it?; and expreſſy ſays, 
| | * At the end of his Opticks, in Qu. 21, © 


that 
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that he propoſed thoſe hints to ſhew that he had no ſuch 
intention“. | 
19. IT appears from hence, that it is not eaſy to de- 
termine, what properties of Bodies are eſſentially inhe- 
rent in the matter, our of which they are made, and 
what depend upon their frame and compoſition. But 
certainly whatever properties are found to belong either 
to any particular ſyſtems of matter, or univerſally to all, 
muſt be conſidered in philoſophy; becauſe philoſophy 
will be otherwiſe imperfect. Whether thoſe properties 
can be deduced from ſome other appertaining to matter, 
either among thoſe, which are already known, or among 
ſuch as can be diſcovered by us, is afterwards to be ſought 
for the farther improvement of our knowledge. But 
this inquiry cannot properly have place in the delibera- 
tion about admitting any property of matter or bodies in- 
to philoſophy; for that purpoſe it is only to be conſi- 
dered, whether the exiſtence of ſuch a property has 
been juſtly proved or not. Therefore to decide what 
cauſes of things are rightly received into natural philoſo- 
phy, requires only a diſtinèt and clear conception of 
what kind of reaſoning is to be allowed of as convincing, 
when we argue upon the works of nature. 
20. TRE proofs in natural philoſophy cannot be ſo 
abſolutely concluſive, as in the mathematics. For the 
ſubjects of that ſcience are purely the ideas of our own 
minds. They may be repreſented to our ſenſes by ma- 
terial objects, but they are themſelves the arbitrary pro- 
ductions of our own thoughts; fo that as the mind can 
have a full and adequate knowledge of its own ideas, 
the reaſoning in geometry can be rendered perfect. But 
in natural knowledge the ſubject of our contemplation 
is wit hout us, and not ſo compleatly to be known: 
therefore our method of arguing muſt fall a little ſnort 
of abſolute perfection. It is only here required to ſteer 
a juſt courſe between the conjectural method of pro- 


5 a See the ſame treatiſe, in Adyertiſement, 2. 
C.2 | cceding, 
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ceeding, againſt which J have ſo largely ſpoke; and de- 
manding ſo rigorous a proof, as will reduce all philoſo- 
phy to meer ſcepticiſm, and exclude all proſpect of ma- 
king any progreſs in the knowledge of nature. | 
21. THE conceſſions, which are to be allowed in 
this ſcience, are by Sir IS AAC NEwron included 
under a very few ſimple precepts. . 
22. THE firſt is, that more cauſes are not to be re- 
ceived into philoſophy, than are ſufficient to explain the 
appearances of nature. That this rule is approved of 
unanimouſly, is evident from thoſe expreſſions ſo fre- 
quent among all philoſophers, that nature does nothing 
in vain; and that a variety of means, where fewer would 
ſuffice, is needleſs. And certainly there is the higheſt 
reaſon for complying with this rule. For ſhould we in- 
dulge the liberty of multiplying, without neceſſity, the 
cauſes of things, it would reduce all philoſophy to mere 
uncertainty; ſince the only proof, which we can have, 
of the exiſtence of a cauſe, is the neceſſity of it for pro- 
ducing known Effects. Therefore where one cauſe is 
ſufficient, if there really ſhould in nature be two, which 
is in the laſt degree improbable, we can have no poſſible 
means of knowing it, and conſequently ought not to 
take the liberty of imagining, that there are more than 
23. THE ſecond precept is the direct conſequence 
ol the firſt, that to like effects are to be aſcribed the 
ſame cauſes. For inſtance, that reſpiration in men and 
in brutes is brought about by the ſame means; that bo- 
dies deſcend to the earth here in EUROPE, and in 
AMERICA from the ſame principle; that the light 
of a culinary fire, and of the ſun have the ſame man- 
ner of production; that the reflection of light is effected 
in the earth, and in the planets by the ſame power; and 


the like. 4 3 
2824. TRE third of theſe precepts has equally evident 


reaſon for it. It is only, that thoſe qualities, which in 
the ſame body can neither be leſſened nor increaſed, and 


Which 
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which belong to all bodies that are in our power to 


make trial upon, ought to be accounted the univerſal 


properties of all bodies whatever. | 
25. IN theſe precepts is founded that method of ar- 
bein by induction, without which no progreſs could 
made in natural philoſophy. For as the qualities of 


bodies become known to us by experiments only; we 


have no other way of finding the properties of ſuch 
bodies, as are out of our reach to experiment upon, 


but by drawing concluſions from thoſe which fall under 
our examination. The only caution here required is, 


that the obſervations and experiments, we argue upon, 


be numerous enough, and that due regard be paid to all 


objections, that occur, as the Lord B a CON very ju- 
diciouſly direEts*. And this admonition is ſufficiently 
complied with, when by virtue of this rule we aſcribe 
impenetrability and extenſion to all bodies, though we. 
have no ſenſible experiment, that affords a direct proof 
of any of the celeſtial bodies being impenetrable z nor 
that the fixed ſtars are ſo much as extended. For the 
more perfect our inſtruments are, whereby we attempt 


do find their viſible magnitude, the leſs they appear; in- 


ſomuch that all the ſenſible magnitude, which we ob- 
ſerve in them, ſeems only to be an optical deception by 
the ſcattering of their Light. However, I ſuppoſe no 


one will imagine they are without any magnitude, 


though their immenſe diſtance makes it undiſcernable 
by us. After the ſame manner, if it can be proved, that 


all bodies here gravitate towards the earth, in proportion 
to the quantity of ſolid matter in each; and that the 
moon gravitates to the earth likewiſe, in proportion to 


the quantity of matter in it; and that the ſea gravitates 


towards the moon, and all the planets towards each 0» 


ther; and that the very comets have the ſame gravita- 


ting faculty; we ſhall have as great reaſon to conclude 
by this rule, that all bodies gravitate towards each o- 


of * 
4 


EW # 14 ® Noy, Org. Lib. i. Ax. 105. 
he | C 3 1 


22 INTRODUCTION. 
ther. For indeed this rule will more ſtrongly hold in 
this caſe, than in that of the impenetrability of bodies; 
becauſe there will more inſtances be had of bodies gravi- 
tating, than of their being impenetrable. Z 

25. Trrs is that method of induction, whereon all 
philoſophy is founded; which our author farther infor- 
ces by this additional precept, that whatever is collect- 
ed from this induction, ought to be received, notwith- 
ſtanding any conjectural hypotheſis to the contrary, til 
ſuch times as it ſhall be contradicted or limited by farther 
obſeryations on nature. 
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CONCERNING THE 


MOTION of BODIES 


IN GENERAL. 


CnAr. I. 
of the Laws of MOTION. 


AVIN G thus ex lained TW 3 
» TON's method os reaſoning in philoſophy, 
I ſhall now proceed ro my intended account 
of his diſcovexies. Theſe are contained in 
two treatiſes. In one of them, the MATHEMATI- 
CAL PRINCIPLES OF NATURAL ypHILoso- 
PHY, his chicf deſign is to ſhew by what laws the 
heavenly motions are regulated; in the other, his O p- 
TICS, he diſcourſes of the nature of light and co» 
Jour, and 1 the action between light and "This 5 

8 
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This ſecond treatiſe is wholly confined to the ſub- 


ject of light: except ſome conjectures propoſed at the 


end concerning other parts of nature, which lie hither- 
to more conccaled. In the other treatiſe our author 
was obliged to ſmooth the way to his principal inten- 
tion, by explaining many things of a more general na- 


/1 


/ 
/ 


ture : for even ſome of the molt ſimple properties of * 


matter were ſearce well eſtabliſhed at that time. We 


may therefore reduce Sir IS AAC NEWTON's doc- 
trine under three general heads; and I ſhall accor- 


dingly divide my account into three books. In the 
firſt I ſhall ſpeak of what he he has delivered concern- 
ing the motion of bodies, without regard to any par- 


ticular ſyſtem of matter; in the ſecond I ſhall treat of 


the heavenly motions z and the third ſhall be employ- 
ed. upon light. „ if 

2. IN the firſt part of my deſign, we muſt begin 
with an account of the general laws of motion. 


3. THESE laws are ſome univerſal affections and pro- 


perties of matter drawn from experience, which are 


made uſe of as axioms and evident principles in all 


our arguings upon the motion of bodies. For as it 
is the cuſtom of geometers to aſſume in their demon- 
ſtrations ſome propoſitions, without exhibiting the 


proof of them; ſo in philoſophy, all our reaſoning muſt 


be built upon ſome properties of matter, firſt admit- 
ted as principles whereon to argue. In geometry 
theſe axioms are thus aſſumed, on account of their be- 
in ſo evident as to make any proof in form needleſs. 
But in philoſophy no properties of bodies can be in 
this manner received for ſelf- evident; ſince it has been 
obſerved above, that we can conclude nothing con- 
cerning matter by any reaſonings upon its nature and 
eſſence, but that we owe all the knowledge, we have 
thereof, to experience.” Yet. when our obſervations 
on matter have inform'd us of ſome of its properties, 


we may ſecurely reaſon upon them in our farther in- 
quiries into nature. And theſe laws of motion, of which 
4/42 | WES” l OO 18 > „ 1 =#5 , 7 8 N , 
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I am here to ſpeak, are found ſo univerſally to belong 
to bodies, that there is no motion known, which is not 


regulated by them. Theſe are by Sir Is A AC NE w- 


ro reduced to three. 


4. Tre firſt law is, that all bodies have ſuch an 


indifference to reſt, or motion, that if once at reſt 
they remain ſo, till diſturbed by ſome power acting 


upon them: but if once put in motion, they perſiſt in 


it; continuing to move right forwards perpetually, af- 
ter the power, which gave the motion, is removed; 


and alſo preſerving the ſame degree of velocity or 
quickneſs, as was firſt communicated, not ſtopping or 


remitting their courſe, till interrupted or otherwiſe 
diſturbed by ſome new power impreſſed. _ 

57. THE ſecond law of motion is, that the altera- 
tion of the ſtate of any body, whether from reſt ro 


motion, or from motion to reſt, or from one degree 
of motion to another, is always proportional to the 
force impreſſed. A body at reſt, when acted upon b 


any power, yields to that power, moving in the ſame 
line, in which the power applied is directed; and 
moves with a leſs or greater degree of velocity, ac- 


cording to the degree of the power; ſo that twice 


the power ſhall communicate a double velocity, and 


three times the power a threefold velocity. If the 
body be moving, and the power impreſſed act 2 
| 


the body in the direction of its motion, the body ſha 


receive an addition to its motion, as great as the moti- 
on, into which that power would have put it from a 


ſtate of reſt; bur if the power impreſſed upon, a mo- 
ving body act directly oppoſite to its former moti- 


on, that power ſhall then take away from the body's 
motion, as much as in the other caſe it would have 


added to it. Laſtly, if the power be impreſſed oblique- 


ly, there will ariſe an — motion differing more or 


leſs from the former dir 


o 


ion, according as the new 


5 7 I Princip, philoſ. pag. Ts. f 66a 
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impreſſion is greater or leſs. For example, if the body 


A (in fig. 1.) be moving inthe direction A B, and when 


it is at the point A, a power be impreſſed upon it in 


the direction A C, the body ſhall from henceforth 


neither move in its firſt direction A B, nor in the di- 


rection of the adventitious power, but ſhall take a 
courſe as A D between them: and if the power laſt im- 
preſſed be juſt equal to that, which firſt gave to 
the body its motion; the line A D ſhall paſs in the 
middle between A B and AC, dividing the angle un- 
der B A C into two equal parts; but if the power 
laſt impreſſed be greater than the firſt, the line AD 
hall incline moſt to AC; whereas if the, laſt impreſſion 


be leſs than the firſt, the line AD ſhall incline moſt to 


AB. To be more particular, the fituation of the line 


AD is always to be determined after this manner. Let 


AE be the ſpace, which the body would have moved 
through in the line AB during: any certain * of 
time; provided that body, when at A, had received 
no ſecond impulſe. Suppoſe likewiſe, that AF is the 


part of the line AC, through which the body would 


have moved during an equal portion of time, if it had 
been at reſt in A, when it received the impulſe in the 
direction AC : then if from E be drawn a line parallel 
to, or equidiſtant from AC, and from F another line 
parallel ro AB, thoſe. two lines will meet in the line 
AD. | 5 | 98 

6. TRE third and laſt of theſe laws of motion is, 


that when any body acts upon another, the action of 


that body upon the other is equalled by the contrary 
reaction of that other body upon the firſt. | 


7. THESE laws of motion are abundantly confir- | 
med by this, that all the deductions made from them, 


in relation to the motion of bodies, how complicated 
ſoever, are found to agree perfectly with obſervation. 
This ſhall be ſnewn more at large in the next chap- 
ter. But before we proceed to ſo diffuſive a proof; 
I chuſe here to point out thoſe appearances of bodies, 
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vhereby the laws of motion are firſt ſuggeſted to us. 

8. DAIL x obſervation makes it appear to us, that 
any body, which we once ſee at reſt, never puts it ſelf 
into freſh motion; but continues always in the fame 
place, till removed by ſome power applied to it. 

9. AGAIN, whenever a body is once in motion, it 
continues in that motion ſome time after the moving 
power has quitted it, and it is left to it ſelf. Now if 
the body continue to move but a ſingle moment, af- 
ter the moving power has left it, there can no reaſon 
be aſſigned, why it ſhould ever ſtop without ſome ex- 
rernal force. For it is plain, that this continuance of 
the motion is cauſed only by the body's having alrea- 
dy moved, the ſole operation of the power upon the 
body being the putting it in motion; therefore that 
motion continued will equally be the cauſe of its far-' 
ther motion, and ſo on without end. The only doubt 
that can remain, is, whether this motion communi- 
cated continues intire, after the power, that cauſed it, 
ceaſes to act; or whether it does not gradually languiſh 
and decreaſe. And this ſuſpicion cannot be removed' 
by a tranſient and flight obſervation on bodies, but 1 
will be fully cleared up by thoſe more accurate proofs f 
of the laws of motion, which are to be conſidered in j 
the next chapter. e „ 1 

10. LASTLY, bodies in motion appear to affect a 
ſtraight courſe without any deviation, unleſs when di- 
ſturbed by ſome adventitious power acting upon them. If 
a body be thrown perpendicularly upwards or down- 
wards, it appears to continue in the ſame ſtraight line du- 

ring the whole time of its motion. If a body be thrown 
in any other direction, it is found to deviate from the 
line, in which it began to move, more and more con- 
tinually towards the earth, whither it is directed by 
its weight: but ſince, when the weight of. a body 
does not alter the direction of its motion, it always 
„J wvwores in a ſtraight line, without doubt in this other 
| Cale the bodies declining from its firſt courle is no more, 
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than what is cauſed by its weight alone. As this ap- 
pears at firſt fight to be unqueſtionable, fo we ſhall 


have a very diſtinct proof thereof in the next chap- 


ter, where the oblique motion of bodies will be parti- 
cularly conſidered. | £ 

11. Tus we ſee how the firſt of the laws of mo- 
tion agrees with what appears to us in moving bodies. 
But here occurs this farther conſideration, that the 


real and abſolute motion of any body is not viſible to 
us: for we are our ſelves alſo in conſtant motion along 


with the earth whereon we dwell ; inſomuch that we 
perceive bodies to move ſo far only, as their motion is 
different from our own. When a body appears to us 
to lie at reſt, in reality it only continues the motion, it 
has received, without putting forth any power to 
change that motion. If we throw a body in the courſe 
or direction, wherein we are carried our ſelves; fo 
much motion as we ſeem to have given to the body, 
ſo much we have truly added to the motion, it had, 


while it appeared to us to be at reſt. But if we im- 


pel a body the contrary way, although the body ap- 
pears to us to have received by ſuch an impulſe as much 
motion, as when impelled the other way; yet in this 
caſe we. have taken from the body ſo much real mo- 
tion, as we ſeem to have given it. Thus the motion, 


which we ſee in bodies, is not their real motion, but 


only relative with reſpect to us; and the forementio- 
ned obſervations only ſnew us, that this firſt law of 


motion has place in this relative or apparent motion. 


However, though we cannot make any obſervation im- 
mediately on the abſolute motion of bodies, yet by rea- 
ſoning upon what we obſerve in viſible motion, we 


can diſcover the properties and effects of real motion. 


12. WII H regard to this firſt law of motion, which 
is now under conſideration, we may from the forego- 


ing obſervations moſt truly collect, that bodies are diſ- 


poſed to continue in the abſolute motion, which they 


have once received, without increaſing or diminiſhing 


thei 
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their velocity. When a body appears to us to lie at 
reſt, it really preſerves without change the motion, 


which it has in common with our ſelves : and when we 


put it into viſible motion, and we ſee it continue that 


motion; this proves, that the body retains that degree 


of its abſolute motion, into which it is put by our acting 
upon it: if we give it ſuch an apparant motion, which 
adds to its real motion, it preſerves that addition; and 
if our acting on the body takes off from its real mo- 


tion, it continues afterward to move with no more real 


motion, than we have left it. 

13. AGAIN, we do not obſerve in bodies any diſpo- 
ſition or power within themſelves to change the directi- 
on of their motion; and if they had any ſuch power, 


it would eaſily be diſcovered. For ſuppoſe a body by the 
ſtructure or diſpoſition of its parts, or by any other cir- 


cumſtance in its make, was induced with a power of 
moving it ſelf; this ſelf- moving principle, which thould 


be thus inherent in the body, and not depend on any 
thing external, muſt change the direction wherein it 


would act, as often as the poſition of the body was 


changed: ſo that for inftance, if a body was lying 


before me in ſuch a poſition, that the direction, where- 


in this principle diſpoſes the body to move, was 
pointed directly from me; if I then gradually turned 
the body about, the direction of this ſelf- moving prin- 
ciple would no longer be pointed directly from me, but 
would turn about along with the body. Now if any 
body, which appears to us at reſt, were furniſhed 
with any ſuch ſelf- moving principle; from the body's 
appearing without motion we muſt conclude, that this 


ſelf- moving principle lies directed the ſame way as the 
earth is carrying the body; and ſuch a body might 
immediately be put into viſible motion only by turn- 
ing it about in any degree, that this ſelf-moving princi- 
ple might receive a different direction. N 


14. F Rom theſe conſiderations it very plainly follows, 


hat if a m were once abſolutely at reſt; not being 
furniſhed wit 


any principle, whereby it could put ſt 


elk. 
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ſelf into motion, it muſt for ever continue in the ſame  ? 


place, till acted upon by ſomething external: and alſo 
that when a body is put into motion, it has na power 
within it ſelf to make any change in the direction 
of that motion; and conſequently that the body muſt 
move on ſtraight forward without declining any way 
whatever. But it has before been ihewn, that bodies 
do not appear to have in themſelves any power to 
change the velocity of their motion: therefore this firſt 
law of motion has been illuſtrated and confirmed, as much 
as can be from the tranſient obſervations, which have here 
been diſcourſed upon; and in the next chapter all this will 
be farther eſtabliſned by more correct obſervations. 
15. Bur I ſhall now paſs to the ſecond law of mo- 
tion; wherein, when it is aſſerted, that the velocity, 
with which any body is moved by the action of a power 
upon it, is proportional to that power; the degree 
of power is ſuppoſed to be meaſured by the greatneſs 
of the body, which it can move with a given celerity. 
So that the ſenſe of this law is, that if any body were 


put into motion with that degree of ſwiftneſs, as to paſs 


in one hour the length of a thouſand yards; the pow- 
er, which would give the ſame degree of velocity to 

a. body twice as great, would give this leſſer body 
twice the velocity, cauſing it to deſcribe in the ſame 
_ ſpace of an hour two thouſand yards. But by a body 
twice as great as another I do not here mean ſimply of 
twice the bulk, but one that contains a double quanti- 


Of JORGE 3... cine 7 5 
16. Way the power, which can move a body 
twice as great as another with the ſame degree of velo- 
city, ſhould be called twice as great as the power, which 
can give the leſſer body the ſame velocity, is evident. 
For if we ſhould ſuppoſe the greater body to be divid- 
ed into two equal parts, each equal to the leſſer body, 
each of theſe halves will require the ſame degree of 


power to move with the velocity of the leſſer body, as 
the leſſer body it ſelf requires; and therefore both thoſe 
body, will require the mov- 


halves, or the whole greater 
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= 17. THAT the moving powerzbeing in this ſenſe 
doubled, ſhould juſt double likewiſe the velocity of the 


ſame body, ſeems near as evident, if we conſider that the 
effect of the power applied muſt needs be the ſame, whe- 
ther that power be applied to the body at once, or in parts. 
Suppoſe then the double power not applied to the bo- 
dy at once, but half of it firſt, and afterwards the other 
half; it is not c@ceivable for what reaſon the half laſt 


applied ſnould come to have a different effect upon the 


body, from that which is applied firſt; as it muſt have, 
if the velocity of the body was not juſt doubled by the 


application of it. So far as experience can determine, 


we ſee nothing to favour ſuch a ſuppoſition. We can- 
not indeed (by reaſon of the conſtant motion of the 


cearth) make trial upon any body perfectly at reſt, where- 
by to ſee whether a power applied in that caſe would 
have a different effect, from what it has, when the 


body is already moving; but we find no alteration in the 
effect of the ſame power on account of any difference 


there may be in the motion of the body, when the power 
is applied. The earth does not always carry bodies with 


the ſame degree of velocity; yet we find the viſible 
effects of any power applied to the ſame body to be at 


all times the very ſame: and a bale of goods, or other 


moveable body lying in a ſhip is as eaſily removed from 


place to place, while the ſhip is under fail, if its moti- 
on be ſteady, as when it is fixed at anchor. 


18. Now this experience is alone ſufficient to ſhew 


to us the whole of this law of motion. 


19. Six cx ve find, that the ſame power will always 
produce the ſame change in the motion of any body, 


whether that body were before moving with a ſwifter 
or flower motion ; the change wrought in the motion 
ofa body depends only on the power applied to it, with- 
out any regard to the body's former motion: and there- 
fore the degree of motion, which the body already poſ- 
ſeſſes, having no influence on the power applied to di- 
ſturb its operation, the effects of the fame power will 
„ ö nor 


ph CE En 7 A en 8 


1 Sir 18 40 NEW TON ' s Bookl. 
not only be the be in all degrees of motion of the bo- 
dy; but we have likewiſe no reaſon to doubt, but that 
a body perfectly at reſt would receive trom any power 
as much motion, - as would be. equivalent to the effect 
of the ſame power applied to that body alread in mo- 
tion. | ole CCC 
20. AGAIN, ſuppoſe a body being at reſt, agy num- 
ber of equal powers ſhould be ſucceſſvely applitg.to it; 
puſhing it forward from time to time in the ſame courſe 
or direction. Upon the application ofithe firſt power 
the body would begin to move; when the ſecond power 
was applied, it appears from what has been ſaid, that 
the motion of the body would become double; the third 
power would treble the motion of the body; and ſo on, 
till after the operation of the laſt power the motion of 
the body would be as many times the motion, which the 
firſt power gave it, as there are powers in number. And 
the effect of this number of powers will be always the 
fame, without any regard to the ſpace of time taken up 
in applying them: ſo that greater or leſſer intervals be- 
tween the application of each of theſe powers; will pro- 
duce no difference at all in their effects. Since therefore 
the diſtance of time between the action of each power 
is of no conſequence; without doubt the effect will ſtill 
be the ſame, though the powers [ſhould all be applied 
at the very ſame inſtant; or although a ſingle power 
ſhould be applied equal in ſtrength to the collective 
force of all theſe powers. Hence it plainly follows, 
that the degree of motion, into which any body will 
be put out of a ſtate of reſt by any power, will be pro- 
portional to that power. A double power will give twice 
"rhe velocity, a treble power three times the velocity, and 
ſo on. The foregoing reaſoning will * take place, 
though the body were not ſuppoſed to be at reſt, when 
the powers began to be appplied to it; provided the di- 
tection, in which the powers were applied, either con- 
ſpired with the action of the body, or was directly op- 
poſite to it. Therefore if any power be applied to a 
2811 e 2 moving 
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moving body, and act upon the body either in the di- 


rection where with the body moves, ſo as to accelerate 


the body; or if it act directly oppoſite to the motion 


of the body, ſo as to retard it: in both theſe caſes the 
change of motion will be proportional to the power 
applied; nay, the augmentation of the motion in one 
cale, and the diminution thereof in the other, will be 
equal to that degree of motion, into which the ſame 
power would put the body, had it been at reſt, when 
the power was applied. | | 


21. FARTHER, a power may be ſo applied to a 


moving body, as to act obliquely to the motion of the 


body. And the effects of ſuch an oblique motion may 


be deduced from this obſervation; that as all bodies are 
| continually moving along with the earth, we ſee that the 
viſible effects of the ſame power are always the fame, in 
whatever direction the power acts: and therefore the 
viſible effects of any power upon a body, which ſeems 
only to be at reſt, is always to appearance the ſame 
as the real effect would be upon a body truly at reſt. 
Now ſuppoſe a body were moving along the Line AB 


(in fig. 2.) and the eye accompanied it with an equal 


motion in the line C D equidiſtant from AB; fo that 
when the body is at A, the eye ſhall be at C, and when 


the body is advanced to E in rhe line A B, the Eye ſhall, 


be advanced to F in the line C D, the diſtances A E 
and CF being equal. It is evident, that here the body 
will appear to the eye to be at reſt; and the line FE G 
drawn from the eye through the body ſhall ſeem to 


the eye to be immoveable; though as the body and eye 


move forward together, this line ſhall really alſo move; 


ſo that when the body ſhall be advanced to H and the eye 


to K, the line FE G ſhall be transferred into the ſitua- 


tion K H L, this line KHL being equidiſtant from FEG. 


Now if the body when at E were to receive an im- 
pulſe in the direction of the line FE G; while the eye 
is moving on from F to K, and carrying along with it 
"rhe line F E G, the body will appear to the eye to move 
1 a. D | along 
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along this line FE CG: for this is what has juſt now | 
been ſaid; that while bodies are moving along with the 
earth, and the ſpectator's eye partakes of the ſame mo- 
tion, the effect of any power upon the body will appear 
to be what it would really have been, had the body been 
truly at reſt, when the power was applied. From hence 
it follows, that when the eye is advanced to K, the bo- 
dy will appear ſomewhere in the line K HL. Sup- 

oſe it appear in M; then it is manifeſt, from what 
— been premiſed at the beginning of this paragraph, 
that the diſtance H M is equal to what the body would 
have run upon the line EG, during the time, where- 
in the eye has paſſed from F to K, provided that the 
body had been at reſt, when acted upon in E. If it be 
farther asked, after what manner the body has moved 
from E to M? I anſwer, through a ſtraight line; for 
it has been ſhewn above in the explication of the firſt 
law of motion, that a moving body, from the time it 
1s left to it ſelf, will proceed on in one continued ſtraight 
C 35 mY ; 
22. Ir EN be taken equal to HM and N M be 
drawn; ſince HM is equidiſtant from EN, NM 
will be equidiſtant from E. H. Therefore the effect of 
any power upon a moving body, when that power acts 
obliquely to the motion of the body, is to be deter- 
mined in this manner. Suppoſe the body is moving a- 
long the ſtraight line AE B, if when the body is come 
to E, a power gives it an impulſe in the direction of the 
line E G, to find what courſe the body will afterwards 
take we muſt proceed thus. Take in EB any length 
E H, and in E G take ſuch a length E N, that if the 
body had been at reſt in E, the power applied to it would 
have cauſed it to move over E N in the ſame ſpace of 


time, as it would have employed in paſſing over EH, 


if the power had not acted at all upon it. Then draw 
HL equidiſtant from E G, and N M equidiſtant from 
E B. Aſter this, if a line be drawn from E to the point 
M, where theſe two lines meet, the line EM will 5 
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the courſe into which the body will be put by the ac- 


'tion of the power upon it at E. 


23. A MATHEMATICAL reader would here ex- 
pect in ſome particulars more regular demonſtrations ; 
but as I do not at preſent addreſs my ſelf to ſuch, ſo I 


hope, what I have now written will render my meaning 


evident enough to thoſe, who are unacquainted with thar 
kind of reaſoning. * 

24. No Was we have been ſhewing, that ſome actu- 
al force is neceſlary either to put bodies out of a ſtate of 


reſt into motion, or to change the motion, which they 


have once received; it is proper here to obſerve, that 
this quality in bodies, wherehy they preſerve their pre- 
ſent ſtate, with regard to motion or reſt, till ſome active 
force diſturb them, is called the vis INERTIA of 


active of it fel 


matter: and by this property, matter, ſluggiſh and un- 
7 


retains all the 2 impreſſed upon it, 


and cannot be made to ceaſe from action, but by the 


oppolition/of as great a power, as that which firſt mo- 


ved it. By the degree of this vis INER TIE, or power 


of inactivity, as we ſhall henceforth call it, we primarily 
judge of the quantity of ſolid matter in each body; for 
as this quality is inherent in all the bodies, upon which 
we can make any trial, we conclude it to 1 


eſſential to all matter; and as we yet know no reaſon to 


ſuppoſe, that bodies are compoſed of different kinds of 
matter, we rather preſume, that the matter of all bodies 
is the ſame; and that the degree of this power of inacti- 


vity is in every body proportional to the quantity of the 


ſolid matter in it. But although we have no abſolute proof, 
that all the matter in the univerſe is uniform, and poſſeſſes 
this power of inactivity in the ſame degree; yet we can 
wich certainty compare together the different degrees of 


this power of inactivity in different bodies. Particularly 


this power is proportional to the weight of bodies, as Sir 


Is AAC NEwro has demonſtrated'.. However, 


_ .. princ. Philoſ. L. II. prop. 24. corol. 7. | 
See alſo B, II. Ch. 5.8 3. of this treatiſe. | 
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notwithſtanding that this power of inactivity in any bo- 
dy can be more certainly known, than the quantity of 
ſolid matter in it; yet ſince there is no reaſon to ſuſpect 
that one is not proportional to the other, we ſhall here- 
after ſpeak without heſitation of the quantity of matter 
in bodies, as the meaſure of the degree of their power of 
inactivity. 1 e 
257. Tris being eſtabliſned, we may now compare 
the effects of the ſame power upon different bodies, as 
hirherto we have ſhewn the effects of different powers 
upon the ſame body. And here if we limit the word mo- 
tion to the peculiar ſenſe given to it in philolophy, we 
may comprehend all that is to be ſaid upon this head un- 
der one ſhort precept; that the ſame power, to whate- 
ver body it is applied, will always produce the fame de- 
gree of motion. But here motion does not ſignify the 
degree of celerity or velocity with which a body moves, 
in which ſenſe only we have hitherto uſed it; bur it is 
made ule of particularly in philoſophy to ſignify the force 
with which a body moves: as if two bodies A and B be- 
ing in motion, twice the force would be required to ſtop 
A as to {top B, the motion of A would be eſteemed dou- 
ble the motion of B. In moving bodies, theſe two things 
are carefully to be diſtinguiſhed; their velocity or celeri- 
ty, which is meaſured by the ſpace they pals through du- 
ring any determinate portion of time; and the quantity | 
of their motion, or the force, with which they will preſs 
againſt any reſiſtance. Which force, when different bo- 
dies move with the fame velocity, is proportional to the 
quantity of ſolid matter in the bodies; but if the bodies 
are equal, this force is proportional to their reſpective 
velocities, and in other caſes it is proportional both to 
the quantity of ſolid matter in the body, and alſo to its 
velocity. To inſtance in two bodies A and B: if A be 
twice as great as B, and they have both the ſame veloci- 
ty, the motion of A ſhall be double the motion of B; 
and if the bodies be equal, and the velocity of A be 
twice that of B, the motion of A ſhall likewiſe be . 
. 5 that 
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that of B; but if A be twice as large as B, and move 


twice as ſwift, the motion of A will be four times the 
motion of B; and laſtly, if A be twice as large as B, and 
move but half as faſt, the degree of their motion ſhall be 
the ſame. 4+ | | 
25, T mrs is the particular ſenſe given to the wor 
motion by philoſophers, and in this ſenſe of the word the 
ſame power always produces the ſame quantity or degree 
of motion. If the fame power act upon two bodies A 


and B, the velocities, it ſhall give to each of them, ſhall 


be ſo adjuſted to the reſpective bodies, that the ſame de- 


gree of motion ſhall be produced in each. If A be twice 


as great as B, its velocity ſhall be half that of B; it A 
has three times as much ſolid matter as B, the velocity of 
A ſhall be one third of the velocity of B; and general- 
ly the velocity given to A ſhall bear the fame proportion 
to the velocity given to B, as the quantity of ſolid mat- 
ter contained in the body B bears to the quantity of ſo- 
lid matter contained in 42K. 

27. TH E reaſon of all this is evident from what has 
gone before. If a power were applied to B, which ſhould 
bear the ſame proportion to the power applied to A, as 
the body B bears to A, the bodies B and A would both re- 
ceive the ſame velocity; and the velocity, which B will 
recetye from this power, will bear che ſame proportion 
to the velocity, which it would receive from the action 
of the power applied to A, as the former of theſe powers 
bears to the latter: that is, the velocity, which A re- 
ceives from the power applied to it, will bear to the ve · 


 locity, which B would receive from the ſame power, the 


ame proportion as the body B bears ro 4... 
28. Fgo m hence we may now paſs to the third law 


of motion, where this diſtinction between the velocity of 
a body and its whole motion is farther neceſſary to be re- 
garded, as ſhall immediately be ſnewn; after having firſt 
illuſtrated the meaning. of this law by a familiar inſtance. 
If a ſtone or other load be drawn hy a horſe; the load 


. Hs þ 
re. acts upon the horlc, as much as the horſe acts upon the 
ann | D 2 | 


load; 
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load; for the harneſs, which is ſtrained between them, 
preſſes againſt the horſe as much as againſt the load; and 
the progreſſive motion of the horſe forward is hindred as 
much by the load, as the motion of the load is promoted 
by the endeavour of the horſe: that is, if the horſe put 
forth the ſame ſtrength, when looſened from the load, 
he would move himſelf forwards with greater ſwiftneſs 
in proportion to the difference between the weight of 
his own body and the weight of himſelf and load toge- 
er” 85 C 
29. Ts inſtance will afford ſome general notion of 
the meaning of this law. But to proceed to a more phi- 
loſophical explication: if a body in motion ſtrike againſt 
another at reſt, let the body ſtriking be ever fo ſmall, yet 
ſhall it communicate ſome degree of motion to the body 
it ſtrikes againſt, though the leſs that body be in com- 
pariſon of that it impinges upon, and the leſs the veloci- 
ty is, with which it moves, the ſmaller will be the moti- 
on communicated. But whatever degree of motion it 
gives to the reſting body, the ſame it ſhall loſe it (elf. 
This is the neceſſary conſequence of the forementioned 
power of inactivity in matter. For ſuppoſe the two bo- 
dies equal, it is evident from the time they meet, both 
the bodies are to be moved by the ſingle motion of the 
firſt; therefore the body in motion by means of its 
power of inactivity retaining the motion firſt given it, 
{trikes upon the other with the ſame force, where with 
it was acted upon it ſelf: but now both the bodies being 
to be moved by that force, which before moved one on- 
ly, the enſuing velocity will be the ſame, as if the power, 
which was applied to one of the bodies, and putit into mo- 
tion, had been applied to both; whence it appears, that 
they will proceed forwards, with half the velocity, which 
the body firſt in motion had: that is, the body firſt mo- 
ved will have loſt half its motion, and the other will have 
| greed exactly as much. This rule is juſt, provided the 
bodies keep contiguous after meeting; as they would al- 
ways do, it it were not for a certain cauſe that often in- 
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|  tervenes, and which muſt now be explained. Bodies up- 


on ſtriking againſt each other, ſuffer an alteration in their 
figure, having their parts preſſed inwards by the ſtroke, 
which for the moſt part recoil again afterwards, the bo- 
dies endeavouring to recover their former ſhape. This 
power, whereby bodies are enabled to regain their firſt fi- 
gure, is uſually called their elaſticity, and when it acts, it 
forces the bodies from each other, and cauſes them to ſe- 
parate. Now the effect of this elaſticity in the preſent 
caſe is ſuch, that if the bodies are perfectly elaſtic, ſo as to 
recoil with as great a force as they are bent with, that 


they recover their figure in the ſame ſpace of time, as has 
been taken up in the alteration made in it by their com- 
preſſion together; then this power will ſeparate the bo- 


dies as ſwiftly, as they before approached, and acting 
upon both equally, upon the body firſt in motion con- 


trary to the direction in which it moves, and upon the o- 


ther as much in the direction of its motion, it will take 
from the firſt, and add to the other equal degrees of ve- 
locity: ſo that the power being ſtrong enough to ſepa- 


rate them with as great a velocity, as they approached 
with, the firſt will be quite ſtopt, and that which was at 

reſt, will receive all the motion of the other. If the bo- 
diäes are elaſtic in aleſs degree, the firſt will not loſe all its 


motion, nor will the other acquire the motion of the firſt, 
but fall as much ſhort of it, as the other retains. For 
this rule is never deviated from, that though the degree 
of elaſticity determines how much more than half its ve- 


bocity the body firſt in motion ſhall loſe , yet in every caſe 


the loſs in the motion of this body ſhall be transferred to 


the other, that other body always receiving by the ſtroke 
as much motion, as is taken from the firſt. 


30. Trrs is the caſe ofa body ſtriking directly againſt 


anc ual body at reſt, and the reaſoning here uſed is fully 
confirmed by experience. 'There are many other caſes 


of bodies impinging againſt one another: but the men- 
tion of xheſe ſhall be reſerved to the next chapter, where 
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we intend to be more particular and diffuſive in the proof 
of theſe laws of motion, than we have been here. 


Farther proofs of the LA WS of MO- 


AVING in the preceding chapter deduced 
the three laws of motion, delivered by our 
4 L great philoſopher, from the moſt obvious ob- 
ſervations, that ſuggeſt them to us; I now intend to give 
more particular proofs of them, by recounting ſome of 
the diſcoveries which have been made in philoſophy be- 
fore Sir Is AA NEwToN. For as they were all col- 
le&ed by reaſoning upon thoſe laws; ſo the conformity 
of theſe diſcoveries to experience makes them ſo many 


proofs of the truth of the principles, from which they 
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2. LET us begin with the ſubje&, which concluded 
the laſt chapter. Although the body in motion be not 
equal to the body at reſt, on which it ſtrikes; yet the 
motion after the ſtroke is to be eſtimated in the fame man- 
ner as above. Let A (in fig. 3.) be a body in motion 
Towards another body B lying at reft. When A is arri- 
ved at B, it cannot proceed fart her without putting B in- 
to motion; and what motion it gives to B, it muſt loſe. it 
ſelf, that the whole degree of motion of A and B toge- 
ther, if neither ef the bodies be elaſtic, ſhall be equal, af- 
ter the meeting of the bodies, to the ſingle motion of A 


* 
x 


. 


before the ſtroke. | Therefore, from what has been ſaid 
above, it is manifeſt, that as ſoon as the two bodies are 
met, they will move on ragether with a velocity, which 
will bear the fame proportion to the original velocity of 
A, as the body A bears to the ſum of both the bodies. 
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3. Ir the bodies are elaſtic, fo that they ſhall ſepa- 


rate after the ſtroke, A mult loſe a greater part of its 


motion, and the ſubſequent motion of B will be aug- 
mented by this elaſticity, as much as the motion of 
A is diminiſhed by it. The elaſticity acting equally be- 


tween both the bodies, it will communicate to each 


the ſame degree of motion ; that is, it will ſeparate 
the bodies by taking from the body A and adding to 
the body B different degrees of velocity, ſo proportion- 
ed to their reſpective quantities of matter, that the de- 
gree of motion, where with A ſeparates from B, ſhall 
be equal to the degree of motion, where with B ſepa- 
rates from A. It follows therefore, that the velocity 


taken from A by the elaſticity, bears to the velocity, 


which the ſame elaſticity adds to B, the ſame propor- 
tion, as B bears to A: conſequently the velocity, which 
the elaſticity takes from A, will bear the ſame propor- 
tion to the whole velocity, wherewith this claſticicy 
cauſes the two bodies to ſeparate from each other, as 
the body B bears to the ſum of the two bodies A and 
B; and the velocity, which is added to B by the ela- 
ſticity, bears to the velocity, where with the bodies ſe- 
parate, the ſame proportion, as the body A bears to 
the ſum of the two bodies A and B. Thus is found, 


how much the elaſticity takes from the velocity of A, 


and adds to the velocity of B; provided the degree of 


elaſticity be known, whereby to determine the whole 


velocity where with the bodies ſeparate from each other 
4. AFTER this manner is determined in every caſe 
the reſult of a body in motion ſtriking againſt another 
at reſt. The ſame principles will allo, determine the 
effects, when both bodies are in motion. 1 
F. Lr two equal bodies move againſt each other 


with equal ſwiftneſs. Then the force, with which 


! 


will be ſhewn below in F 74. 


Fo this degree of elaſticity is to be found by experiment, 


each 


— fa 


each of them preſſes forwards, being equal when they 


ſame energy, neither ſhall ſurmount the other, but both 
be ſtopt, if they be not elaſtic: for if they be elaſtic, 
they thall from thence recover new motion, and recede 
from each other, as ſwiftly as they met, if they be 
perfectly elaſtic; but more ſlowly, if leſs ſo. In the 


againſt each other, and their velocities be ſo related, 
that the velocity of the leſſer body ſhall exceed the ve- 
locity of the greater in the {ame proportion, as the 
greater body exceeds the leſſer (for inſtance, if one bo- 

y. contains twice the ſolid matter as the other, and 
moves but half as faſt) two ſuch. bodies will entirely 
ſuppreſs each other's motion, and remain from the time 
of their meeting fixed; if, as before, they are not e- 
laſtic: but, if they are ſo in the. higheſt degree, they 
ſhall recede again, each with the fame velocity, where- 
with they mer. For this elaſtic power, as in the pre- 
_ ceding caſe, ſhall renew their motion, and preſſing e- 
qually upon both, ſhall give the ſame motion xo both 
that is, ſhall cauſe the velocity, which the leſſer body re- 
ceives, to bear the ſame proportion to the velocity, which 


the greater receives, as the BON. body bears to the leſ- 
Fer : fo that the velocities fnall bear the ſame proportion 
to each other aſter the ſtroke, as beſore. Therefore if the 
bodies, by being 
velocities before the ſtroke, each body after the ſtroke 
will receive its firſt velocity. And the ſame proportion 
will hold likewiſe between the velocities, wherewith 
they go off, though they are elaſtic but in a ſeſs de- 
gree; only then the velocity of each will be leſß in 
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Proportion to the defect of elaſticity. 

are not in the proportion here ſupp ſed ;, but if one of 
the bodies, as A, has a ſwifter velocity in compariſon 
to the velocity of the other; then the effect of this - 
a 8 CC 
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ſtrike; each Leer in its own direction with the 


ſame manner, if two bodies of unequal bigneſs ſtrike 


perfectly elaſtic, have the ſum of 


their velocities after the ſtroke equal to the ſum of their 


6. Ir the velocities, wherewith the bodies meet, 
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' ceſs of velocity in the body A muſt be joined to the 


effect now mentioned, after the manner of this follow- 


ing example. Let A be twice as great as B, and move 
with the ſame ſwiftneſs as B. Here A moves with 


twice that degree of ſwiftneſs, which would anſwer 


to the forementioned proportion. For A being dou- 


ble to B, if it moved but with half the ſwiftneſs, 


wherewith B advances, it has been juſt now ſhewn, 
that the two bodies upon meeting would ſtop, if they 
were not elaſtic z and if they were elaſtic, that they 


would each recoil, fo as to cauſe A to return with 
half the velocity, wherewith B would return. Bur it is 


evident from hence, that B by encountring A will an- 
nul half its velocity, it the bodies be not elaſtic z and 
the future motion of the bodies will be the ſame, as 
if A had advanced againſt B at reſt with half the ve- 
locity here afligned to it. If the bodies be elaſtic, the 
velocity of A and B after the ſtroke may be thus diſ- 
covered. As the two bodies advance againſt each o- 
ther, the velocity, with which they meet, is made up 
of the velocities of both bodies added together. After 
the ſtroke their elaſticity will ſeparate them again. 


The degree of elaſticity will determine what propor- 
tion the velocity, wherewith they ſeparate, muſt bear 
to that, wherewith they meet. Divide this velocity, 


with which the bodies ſeparate into two parts, that 
one of the parts bear to the other the ſame proportion, 


as the body A bears to B; and aſcribe the leſſer part 


to the greater body A, and the greater part of the ve- 
locity to the leſſer body B. Then take the part aſeri- 


bed to A from the common velocity,” which A and 
B would have had after the ftroke, if they had not 


been elaſtic; and add the part aſcribed to B to the 


ſame common velocity. By this means the true velo- 


cities of A and B after the ſtroke will be made known. 
7. Ir the bodies are perfectly elaſtic, the great 


Huygens has laid down this rule for finding their 


motion 
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corpor. ex percuſſion, prop. 9. 


motion after concourſe*. Any ſtraight line CD (in 
fig. 4, J.) being drawn, let it be divided in E, that 
CE bear the ſame proportion to E D, as the ſwiftneſs 
of A bore to the ſwiftneſs of B before the ſtroke. Let 
the ſame line C D be alſo divided in F, that C F bear 
the ſame proportion to FD, as the body B bears to 
the body A. Then F G being taken equal to F E, if 
the point G falls within the line CD, both the bo- 
dies thall recoil after the ſtroke, and the velocity, where- 
with the body A ſhall return, will bear the ſame propor- 
tion to the velocity, where with B ſhall return, as GC 
bears to G D; but if the point G falls without the 
line CD, then the bodies after their concourſe ſhall 
both proceed to move the ſame way, and the veloci- 


ty of A ſhall bear to the velocity of B the fame pro- 


portion, that G C bears to GD, as beſoreGQ. 

8. Ir the body B had ſtood: ſtill, and received the 
impulſe of the other body A upon it; the effect has 
been already explained in the caſe, when the bodies 


are not elaſtic. And when they are elaſtic, the reſult 


of their colliſion is found by combining the effect of 
the elaſticity with the other effect, in the ſame man- 
ner as in the laſt caſe, ee. | 


do. Wren the bodies are perfectly elaſtic, the rule 


of Huy 6ENs* here is to divide the line CD (fig: 6.) 
in F as before, and to take EG equal to ED. And by 
thele points thus found, the motion of each body af - 
ter the ſtroke; is detexmined, as beſormſeeee. 
10. IN the next place, ſupꝑpoſe the bodies. A and 
B were both moving the ſame way, but A with a 
ſwifter motion, ſo as to overtake B, and ſtrike againſt 
it. The effect of the percuſſion or ſtroke, when the bo- 


— 


dies are not elaſtic, is diſcovered: by finding rhe common 


motion, which the two bodies would have after the 
ſtroke, if B were at reſt, and A were to advance againſt it 
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Vith a velocity equal to the excels of the preſent ve- 
F locity of A above the velocity of B; and by adding to 


this common velocity thus found the velocity of B. 
11. Ir the bodies are elaſtic, the effect of the ela- 


| ſticity is to be united with this other, as in the for- 


mer caſes. | | : | 
12. WHEN the bodies are perfectly elaſtic, the rule 
of HUYGENS * in this caſe is to prolong CD (fig. 7.) 
and to take in it thus prolonged CE in the ſame pro- 
portion to E D, as the greater velocity of A bears to 


S the leſſer velocity of B; after which FG being taken 


equal to F E, the velocities of the two bodies after 


the ſtroke will be determined, as in the two preceding 


caſes. IT | 

13. THvus I have given the ſum of what has been 
written concerning the effects of percuſſion, when two 
bodies freely in motion ſtrike directly againſt each o- 
ther; and the reſults here ſet down, as the conſequence 
of our reaſoning from the laws of motion, anſwer moſt 


exactly to experience. A particular ſet of experiments 


has been invented to make trial of theſe effects of per- 
cuſſion with the greateſt exactneſs. But 1 mult defer 


theſe experiments, till I have explained the nature of 


pendulums b. I ſhall therefore now proceed to de- 
ſcribe ſome of the appearances, which are cauſed in 
bodies from the influence of the power of gravity 
united with the general laws of motion; among which 
the motion of the pendulum will be included. 

14. THe moſt ſimple of theſe appearances is, when 
bodies fall down merely by their weight. In this caſe 


the body increaſes continually its velocity, during the 


whole time of its fall, and that in the very ſame pro- 
portion as the time increaſes. For the power of gra- 


vity acts conſtantly on the body with the fame degree of 


ſtrength : and it has been obſerved above in the firſt law | 


In the place above cited, b Theſe experiments are deſcribed 


in 5 73. ; 
0 
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of motion, that a body being once in motion will per- 
petually preſerve that motion without the continuance 
of any external influence upon it: therefore, after a 
body has been once put in motion by the force of gra- 
vity, the body would continue that motion, though 
the power of gravity ſhould ceaſe to act any farther 
upon it; but, if the power of gravity continues ſtill 
to draw the body down, freſh degrees of motion muſt 
continually be added to the body; and the power of 
gravity acting at all times with the ſame ſtrength, 
equal degrees of motion will conſtantly be added in 
equal portions of time. Y 02.1: 
Ip. Tus concluſion is not indeed. abſolutely true: 

for we ſhall find hereafter *, that the power of gravity 
is not of the ſame ſtrength at all diſtances from the 
center of the earth. But nothing of this is in the 
leaſt ſenſible in any diſtance, to which we can convey 
bodies. The weight of bodies is the very ſame to ſenſe 
upon the higheſt rowers or mountains, as upon the 
level ground; ſo that in all the . obſervations we can 
make, the forementioned proportion between the velo- 
city of a falling body and the time, in which it has been 
_ deſcending, obtains without any the leaſt perceptible 
difference. 2 + + „ 
16. FRO M hence it follows, that the ſpace, through 
which a body falls, is not proportional to the time of 
the fall; for ſince the body increaſes its velocity, a great- 
er ſpace will be paſſed over in the ſame portion of time 
at the latter part of the fall, than at the beginning. 
Suppoſe a body let fall from the point A (in fig. 8 
were to deſcend from A to B in any portion of time; 
then if in an equal portion of time it were to proceed 
from B to C; I fay, the ſpace BC is greater than 
AB; ſo that the time of the fall from A to C being 
double the time of the fall from A to B, AC ſnall be 
more than double of AB 3. | 


: | II, HE 


IE 
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17. THE geometers have proved, that the ſpaces, 
through which bodies fall thus by their weight, are juſt 
in a duplicate or two-fold proportion of the times, in 
which the body has been falling. That is, if we were 


io take the line DE in the ſame proportion to A B, 


as the time, which the body has imployed in falling 
from A to C, bears to the time of the fall from A to 
B; then AC will be to DE in the ſame proportion. In 
particular, if the time of the fall through A C be twice 


the time of the fall through AB; then DE will be 
twice AB, and A C twice DE; or AC four times 


AB. But if the time of the fall through A C had been 
thrice the time of the fall through AB; DE would 
have been treble of A B, and AC treble of DE; 


that is, AC would have been equal to nine times AB. 


18. Ir a body fall obliquely, it will approach the 

| rr by flower degrees, than when it falls perpen- 
icularly. Suppoſe two lines AB, AC (in fig. 9.) 
were drawn, one perpendicular, and the other oblique 


to the ground DE: then if a body were to de- 


ſcend in the ſlanting line AC; becauſe the power of 
82 draws the body directly downwards, if the line 
AC ſupports the body from falling in that manner, it 
muſt rake off part of the effect of the power of gra- 
vity; fo that in the time, which would have been ſuffi- 
cient for the body to have fallen through the whole 
perpendicular line A B, the body ſhall not have paſſed 
in the line AC a length equal to AB; conſequent- 
ly the line A C being longer than A B, the body ſhall 
moſt certainly take up more time in paſſing through 
AC, than it would have done in falling perpendicular- 


ly down through AB. 


19. TE geometers demonſtrate, that the time, in 
which the body will deſcend through the oblique ſtraight 
line AC, bears the ſame proportion to the time of its 
deſcent through the perpendicular A B, as the line it 


ſelf AC bears to AB. And in reſpect to the veloci- 
ty, which the body will have acquired in the point 


GC, 
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C, they likewiſe prove, that the length of the time 
imployed in the deſcent through A C fo compenſates 
the diminution of the influence of gravity from the ob- 
liquity of this line, that though the force of the power 
of gravity on the body is oppoſed by the obliquity of 
the line A C, yet the time of the body's deſcent ſhall 
be fo much prolonged, that the body ſhall acquire the 
very ſame velocity in the point C, as it would have got 
at the point B by falling perpendicularly down. 
20. Ir a body were to deſcend in a crooked line, 
the time of its deſcent cannot be determined in ſo ſim- 
ple a manner; bur the ſame property, in relation to the 
velocity, is demonſtrated to take place in all caſes: that 
is, in whatever line the body deſcends, the velocity will 
always be anſwerable to the perpendicular height, from 
which the body has fell. For inſtance, ſuppoſe the 
body A (in fig. 10.) were hung by a ſtring to the pin 
B. If this body were let fall, till it came to the point 
C perpendicularly under B, it will have moved from A 
to C in the arch of a circle. Then the horizontal 
line AD being drawn, the velocity of the body in C 
will be the ſame, as if it had fallen from the point D 
directly down ro C. | 
21. Ir a body be thrown perpendicularly upward 
with any force, the velocity, wherewith the body aſ- 
cends, ſhall continually diminiſh, till at length it be 
wholly taken away; and from that time the body will 
begin to fall down again, and pals over a ſecond time 
in its deſcent the line, wherein it aſcended; falling 
through this line with an increaſing velocity in ſuch a 
manner, that in every point thereof, through which 
it falls, it ſhall have the very ſame velocity, as it had 
in the ſame place, when it aſcended; and conſequently 
fnall come down into the place, whence it firſt aſcended, 
with the velocity which was at firſt given to it. Thus 
if a body were thrown perpendicularly up in the line 
A (in fig 11.) with fuch a force, as that it. ſhould 
ſtop at the point B, and there begin to fall 7 3 
| = : Wnen 


* we % EF 


YE % GS, -. Sz "74." S 


\P 5s 


QI BUY Q =O (es 


= 


was wn OF ww OH 2 of 


be divided into any _—_ of pieces, all thoſe 
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when it ſhall have arrived in its deſcent to any point 
as C in this line, it ſhall there have the ſame velocity, 
as that where with it paſſed by this point C in its aſcent; 
and at the point A it ſhall have gained as great a veloci- 


ty, as that where with it was firſt thrown upwards. As 


this is demonſtrated by the geometrical writers; ſo, I 


think, it will appear evident, by conſidering only, that 


while the body deſcends, the power of gravity muſt 
act over again, in an inverted order, all the influence 
it had on the body in its aſcent; ſo as to give again 
to the body the ſame degrees of velocity, which it had 
taken away before. 

22. AFTER the ſame manner, if the body were 
thrown upwards in the oblique ſtraight line CA (in 


fig. 9.) from the point C, with ſuch a degree of ve- 


locity as juſt to reach the point A; it ſhall by its own 
weight return again through the line A C by the ſame 
degrees, as it aſcended. 3g] 
23. AND laſtly, if a body were thrown with any 
velocity in a line continually incurvated upwards, the 
like effect will be produced upon its return to the point, 
whence it was thrown, Suppoſe for inſtance, the 


body A (in fig. 12.) were hung by a ſtring AB; Then 
ik this body be impelled any way, it muſt move in the 


arch of a circle. Let it receive ſuch an impulſe, as ſhall 
cauſe it to move in the arch A C; and let this impulſe 
be of ſuch ſtrength, that the body may be carried from A 
as far as D, before its motion is overcome by its weight: 
J fay here, that the body forthwith returning from D, 


| ſhall come again into the point A with the ſame ve- 
** 


locity, as that wherewith it began to move. 


284. I'T will be proper in this place to obſerve con- 


cerning the power of gravity, that its force upon any 


body does not at all depend upon the ſhape of the 
body; but that it continues conſtantly the ſame with- 


out any variation in the ſame body, whatever A 1 


be made in the figure of the body: and if the body 


pieces 
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pieces ſhall weigh juſt the ſame, as they did, when 
united together in one body: and if the body be 
of a uniform contexture, the weight of each piece will 
be proportional to its bulk. 'This has given reaſon to 
conclude, that the power of gravity acts upon bodies 
in proportion to the quantity of matter in them. 
Whence it ſhould follow, that all bodies muſt fall from 
equal heights in the ſame ſpace of time. And as we 
evidently ſee the contrary in feathers and ſuch like 
ſubſtances, which fall very _ in compariſon of more 
ſolid bodies; it is reaſonable to ſuppoſe, that ſome other 
cauſe concurs to make ſo manifeſt a difference. This 
cauſe has been found by particular experiments to be 
the air. The experiments for this purpoſe are made 
thus. They ſet up a very tall hollow glaſs; within 
which near the top they lodge a feather and ſome very 
onderous body, uſually. a piece of gold, this metal 
42.99 the moſt weighty of any body known. to us. 
This glaſs they empty of the air contained within ir, 
and by moving a wire, which paſſes through the top 
of the glaſs, they let the feather and the heavy body 
fall together; and it is always found, that as the two 
bodies begin to deſcend at the ſame time, ſo they ac- 
company each other in the fall, and come to the bot- 
tom at the very ſame inſtant, as near as the eye can 
judge. Thus, as far as this experiment can be depen- 
ded on, it is certain, that the effect of the power of 
gravity upon each body is proportional to the quan- 
tity of ſolid matter, or to the power of inactivity 
in each body. For in the limited ſenſe, which we have 
given above to the word motion, it has been ſhewn, 
that the ſame force gives to all bodies the ſame de- 
gree of motion, and different forces communicate diffe- 
rent degrees of motion proportional to the reſpective 
powers. In this caſe, if the power of gravity: were 
to act equally upon the feather, and upon the more 


n Chap. 1. $. 25, 26, 27, compared with 5 15, 4. ſolid 
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ſolid body, the ſolid body would deſcend ſo much ſlow- 
er than the feather, as ro have no greater degree of 


motion than the feather : bur as both bodies deſcend 


with equal ſwiftneſs, the degree of motion in the ſolid 


body is greater than in the feather, bearing the ſame 
0 


rtion to it, as the quantity of matter in the ſolid 


pro 
ods to the quantity of matter in the feather. There- 


fore the effect of gravity on the ſolid body is greater 


than on the feather, in proportion to the greater de- 
gree of motion communicated ; that is, the effect of 


the power of gravity on the ſolid body bears the ſame 
proportion to its effect on the feather, as the quantity 
of matter in the ſolid body bears to the quantity of 
matter in the feather. Thus it is the proper deduction 
from this experiment, that the power of gravity acts 
not on the ſurface of bodies only, but penetrates the 
bodies themſelves moſt intimately, and operates alike 


on every particle of matter in them. But as the 2 
quickneſs, with which the bodies fall, leaves it ſome- 


thing cena, whether they do deſcend abſonly in 
the ſame time, Or only ſo nearly toget h er, 5 that Ke 


difference in their ſwift motion is not diſcernable to 


the eye; ee e of the power of gravity, which 


has here been deduced from this experiment, is farther 


confirmed by pendulums, whoſe motion is ſuch, that 
a very minute difference would become ſufficiently ſen- 


ſible. 'This will be farther diſcourſed on in another 


plwK⸗ace ; but here I ſhall make uſe of the principle now 
| hid down to explain the nature of what is called the 


center of gravity in bodies. er gba 1 1 
25. Tre center of gravity is that point, by which 


ifs body be ſuſpended, it ſhall hang at reſt in any fi- 


tuation. In a globe of a uniform texture the center 


of gravity is the ſame with the center of the globe; 


for as the parts of the globe on every ſide of its center 
ue ſimilarly diſpoſed, and the power of gravity acts a- 


2 Book II. Chap. f. § 3. 
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like on every part; it is evident, that the parts of the globe 
on each fide of the center are drawn with equal force, 
and therefore neither ſide can yield to the other; bur 
the globe, if ſupported at its center, muſt of neceſſity 
hang at reſt. In like manner, if two equal bodies A 
and B (in fig, 13.) be hung at the extremities of an 
inflexible rod C D, which ſhould have no weight ; 
theſe bodies, if the rod be ſupported at its middle E, 
ſhall equiponderate; and the rod remain without mo- 
tion. For the bodies being equal and at the ſame di- 
ſtance from the point of ſupport E, the power of gra- 
vity will act upon each with equal ftrength, and in all 
reſpects under the fame circumſtances; therefore the 
weight of one cannot overcome the weight of the o- 
ther. The weight of A can no more ſurmount the 
weight of B, than the weight of B can ſurmount the 
weight of A. Again, ſuppoſe a body as AB (in fig. 
14) of a unform texture in the form of a roller, or 
as it is more uſually called a cylinder, lying horizontal- 
Jy. If a ſtraight line be drawn between C and D, the 
centers of the extreme circles of this cylinder; and if 
this ſtraight line, commonly called the axis of the cy- 
linder, be divided into two equal parts in E: this point 
E will be the center of gravity of the cylinder. The 
cylinder being a uniform figure, the parts on each ſide 
the point E are equal, and ſituated in a perfectly ſimilar 
manner; therefore this cylinder, if ſupported at the 
point E, muſt hang at reſt, for the ſame reaſon as the 
inflexible rod above-mentioned will remain without mo- 
tion, when ſuſpended at its middle point. And it is 
evident, that the force applied to the point E, which 
would uphold the cylinder, muſt be equal to the cy- 
linder's weight. Now ſuppoſe two cylinders of equal 
. thickneſs AB and CD to be joined together at CB, 
ſo that the two axis's E F, and F G lie in one ſtraight 
line. Let the axis E F be divided into two equal parts 
at H, and the axis FG into two equal parts at I. 
Then becauſe the cylinder AB would be upheld 5 
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reſt by a power applied in H equal to the weight of 
this cylinder, and the cylinder C D would likewife be 


held by a power applied in I equal to the weight of 
this cylinder; the whole cylinder A D will be ſup- 


ported by theſe two powers: but the whole cylinder 
may likewiſe be ſupported by a power applied to K, 


the middle point of the whole axis E G, provided that 


power be equal to the weight of the whole cylinder. 
It is evident therefore, that this power applied in K 
will produce the ſame effect, as the two other powers 
applied in H and I. It is farther to be obſerved, that 


HK is equal to half FG, and K I equal to half EF; 


for E K being equal to half E G, and EH equal to 
half EF, the remainder H K muſt be equal to half the 


remainder F G; fo likewiſe G K being equal to half 


GE, and GI equal to halt G F, the remainder I K 
muſt be equal ro half the remainder EF. It follows 
therefore, that H K bears the ſame proportion to K I, 
as FG bears to EF. Beſides, I believe, my readers 


will perceive, and it is demonſtrated in form by the 
geometers, that the whole body of the cylinder CD 


ars the ſame proportion to the whole body of the 


cylinder AB, as the axis F G bears to the axis EF*. 


But hence it follows, that in the two powers applied 
at H and I, the power applied at H bears rhe ſame 
proportion to the power applied at I, as KI bears ro 
KH. Now ſuppoſe two ſtrings HL and I'M ex- 
tended upwards, one from the point H and the other 
from I, and to be laid hold on by two powers, one 
ſtrong enough to hold up the cylinder. AB, and the 


bother of ſtrength ſufficient to ſupport the cylinder C D- 


Here as theſe two powers uphold the whole cylinder, 
and therefore produce an effect, equal to what would 
have been produced by a power applied to the point 
K of ſutficient force to ſuſtain the whole cylinder : it 
is manifeſt, that if. the cylinder be taken away, the 


# See Euclid's Elements, Book XII. prop. 13. | 
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54 Sir ISAAC NEWTON's Book I. 
axis only being left, and from the point K a ſtring, as 
KN, be extended, which ſhall be drawn down by a 


power equivalent to the weight of the cylinder, this 


power ſhall act againſt the other two powers, as much 
as the cylinder acted againſt them; and conſequently 
theſe three powers ſhall be upon a balance, and hold the 


axis HI fixed berween them. But if theſe three pow- 
ers preſerve a mutual balance, the two powers applied 


to the ſtrings HL and LM are a balance to each o- 
ther; the power applied to the ſtring H L bearing 
the ſame proportion to the power applied to the ſtring 


IM, as the diſtance I K bears to the diſtance K H. 


Hence it farther appears, that if. an inflexible rod AB 
(in fig. 15.) be ſuſpended by any point C not in the 
middle thereof; and if at A the end of the ſhorter arm 
be hung a weight, and at B the end of the longer arm 
be alſo hung a weight leſs than the other, and that the 
greater of theſe weights bears to the leſſer the ſame 
proportion, as the longer arm of the rod bears to the 
ſhorter ; then theſe two weights will cquiponderate : 
for a power applicd at C equal to both theſe weights 


will ſupport without motion the rod thus charged; 


ſince here nothing is changed from the preceding caſe 
but the ſituation of the powers, which are now placed 
on the contrary ſides of the line, to which they are 
fixed. Alſo 5 the ſame reaſon, if two weights A 
and B (in fig. 16.) were connected together by an in- 
flexible rod C D, drawn from C the center of gravity 
of A, to D the center of gravity of B; and if the rod 


C were to be ſo divided in E, that the part DE 


bear the ſame proportion to the other part C E, as the 
weight A bears to the weigkt B: then this rod heing 
ſupported at E will uphold the weights, and keep 
them at reſt without motion. This point E, by which 
the two bodies A and B will be {upported, is called 
their common center of gravity. ' And if a greater 
number of bodies were joined together, the point, by 
which they could all be ſupported, is called the com- 
CCC 
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mon center of gravity of them all. Suppoſe (in fig. 17.) 


there were three bodies A, B, C, whoſe reſpective cen- 
ters of gravity were joined by the three lines DE, D F, 
EF: the line DE being fo divided in G, that DG 


bear the ame proportion to GE, as B bears to A; 


G is the center of gravity common to the two bodies 
A and B; that is, a power equal to the weight of both 
the bodies applied to G would ſupport them, and the 
point G is preſſed as much by the two weights A and 


B, as it would be, if they were both hung together at 


that point. Therefore, if a line be drawn from G to 


F, and divided in H, ſo that G H bear the ſame pro- 


portion to H F, as the weight C bears to both the 


weights A and B, the point H will be the common 


center of gravity of all the three weights; for H would. 


be their common center of gravity, if both the weights 
A and B were hung together at G, and the point G 
is preſſed as much by them in their preſent ſituation, 
as it would be in that caſe. In the ſame manner from 
the common center of theſe three weights, you might 


proceed to find the common center, if a fourth weight 


were added, and by a gradual progreſs might find the 


common center of gravity belonging to any number of 


weights whatever. 

26. As all this is the obvious conſequence of the 
propoſition laid down for aſſigning the common cen- 
ter of gravity of any two weights, by the ſame pro- 
poſition the center of gravity of all figures is found. 
In a triangle, as AB C (in fig. 18.) the center of gra- 
vity lies in the line drawn from the middle point of any 
one of the ſides to the oppoſite angle, as the line BD 
is drawn from D the middle of the line A C to the op- 
poſite angle B*; ſo that if from the middle of either 
of the other ſides, as from the point E in the fide A B, 
a line be drawn, as E C, to the oppoſite angle; the 


point F, where this line croſſes the other line BN, 


; q 7 
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will be the center of gravity of the triangle. Like- 


wiſe DF is equal to half FB, and EF equal to half 
F Cb. In a hemiſphere, as ABC (fig. 19.) if from D 
the center of the baſe the line DB be erected perpen- 
dicular to that baſe, and this line be fo divided in E, 
that DE be equal to three fifths of BE, the point E 
is the center of jr; of the hemiſphere. 

27. Ir will be of uſe to obſerve concerning. the 
center of gravity of bodies; that ſince a power applied to 
this center alone can ſupport a body againſt the power 
of gravity, and hold it fixed at reſt ; the effect of the pow- 
er of gravity on a body is the ſame, as if that whole 
power were to exert it ſelf on the center of gravity 
only. Whence it follows, that, when the power of 
gravity acts on a body ſuſpended by any point, if the 


body is fo ſuſpended, that the center of gravity of the 


body can deſcend; the power of gravity will give mo- 


tion to that body, otherwiſe not: or if a number of 


bodies are fo connected together, that, when any one 
is put into motion, the reſt ſhall, by the manner of 
their being joined, receive ſuch motion, as ſhall keep 
their common center of gravity at reſt z then the pow- 
er of gravity ſhall not be able to produce any motion 
in theſe bodies, bur in all other caſes it will. Thus, if 
the body AB (in fig. 20, 21.) whoſe center of gra- 
vity is C, be hung on the point A, and the center C 
be perpendicularly under A (as in fig. 20.) the weight 
of the body will hold it {till without motion, becauſe 
the center C cannot deſcend any lower. But if the 


body be removed into any other ſituation, where the 


center C is not perpendicularly under A (as in fig. 21.) 
the body by its weight will be put into motion to- 
wards the perpendicular ſituation of its center of gra- 


vity. Allo if two bodies A, B (in fig. 22.) be joined 
together by the rod CD lying in an horizontal ſitua- 


2 Archimed, de zquripond. prop. 12. 
Þ Lucas Valerius De centr. gravit. ſolid. L. I. prop. 2. 
f Idem L. II. prop. 2. | ae hs | 
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tion, and be ſupported at the point E; if this point 
be the center of gravity common to the two bodies, 
their weight will not put them into motion; but if 
this point E is not their common center of gravity, the 


bodies will move; that part of the rod C D deſcend- 


ing, in which the common center of gravity is found. 
So in like manner, if theſe two bodies were connect- 
ed together by any more complex contrivance; yet 


if one of the bodies cannot move without ſo moving 


the other, that their common center of gravity ſhall 
reſt, the weight of the bodies will not put them in 
motion, otherwiſe it will. „ 

28 I SHALL proceed in the next place to ſpeak of 
the mechanical powers. Theſe are certain inſtruments 
or machines, contrived for the moving great weights 
with ſmall force; and their effects are all deducibie 
from the obſervation we have juſt been making. They 


are uſually reckoned in number five; the lever, the 


wheel and axis, the pulley, the wedge, and the ſcrew 3 


to which ſome add the inclined plane. As theſe in- 


ſtruments have been of very ancient uſe, ſo the cele- 


brated ARcurimEDEs ſeems to have been the firſt, 
who diſcovered the true reaſon of their effe&ts. This, 


I think, may be collected from what is related of him, 


that ſome expreſſions, which he uſed to denote the 
unlimitted force of theſe inſtruments, were received as 
very extraordinary paradoxes : whereas to thoſe, who 
had underſtood the cauſe of their great force, no ex- 
preſſions of that kind could have appeared ſurprizing. 
29. ALL the effects of theſe powers may be judged 


of by this one rule, that, when two weights are ap- 


plied to any of theſe inſtruments, the weights will e- 


quiponderate, if, when put into motion, their veloci- 


ties will be reciprocally proportional to their reſpective 
weights. And what is ſaid of weights, muſt of ne- 
ceſſity be equally underſtood of any other forces equi- 
valent to weights, ſuch as the force of a man's arm, 
a ſtream of water, or the like. „ 
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58 Sir /[SHWCNEWTON's Book I. 
30. Bur to comprehend the meaning of this rule, 


the reader muſt know, what is to be underſtood by re- 
ciprocal proportion; which I ſhall now endeavour to 


explain, as diſtinctly as I can ; for I ſhall be obliged ye- 


ry frequently to .make uſe of this term. When any two 


things are ſo related, that one increaſes in the ſame pro- 


portion as the other, they are directly proportional. So 
if any number of men can perform in a determined ſpace 
of time a certain quantity of any work, ſuppoſe drain a 
fiſh-pond, or the like; and twice the number of men 
can perform twice the quantity. of the ſame work, in 
the ſame time; and three times the number of men can 
perform as ſoon thrice the work; here the number of 
men and the quantity of the work are directly propor- 
tional. On the other hand, when two things are ſo re- 
lated, that one decreaſes. in the ſame proportion, as the 
other increaſes, they are ſaid to be reciprocally propor- 
tional. Thus if twice the number of men can perform 
the ſame work in half the time, and three times the 


number of men can finiſh the ſame in a third part of 


the time; then the number of men and the time are re- 
ciprocally proportional. We ſhewed above how to 

find the common center of gravity of two bodies, there 
the diſtances of that common center from the centers 
of gravity of the two bodies are reciprocally proportio- 
nal to the reſpective bodies. For CE in fig. 16. being 
in the ſame proportion to E D, as B bears to A; CE 


is ſo much greater in proportion than E D, as A is leſs 


in proportion than B. 
31. Now this being underſtood, the reaſon of the 


* 


rule here ſtated will eaſily appear. For if theſe two bo- 


dies were put in motion, while the point E reſted, the 
velocity, wherewith A would move, would bear the 
ſame proportion to the velocity, wherewith B would 
move, as EC bears to ED. The velocity therefore 
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of each body, when the common centar of gravity reſts, 


is reciprocally proportional to the body. But we have 
ſhewn above, that if two bodies are fo connected to- 


gether, that the putting them in motion will not move 
their common center of gravity; the weight of thoſe 
bodies will not produce in them any motion. There- 
fore in any of theſe mechanical engines, if, when the 


bodies are put into motion, their velocities are recipro- 


cally proportional to their reſpective weights, whereby 
the common center of gravity would remain at reſt ; 
the bodies will not receive any motion from their weight, 


that is, they will equiponderate. But this perhaps will 


be yet more clearly conceived by the particular deſcrip- 
tion of each mechanical power.. 
32. T H E lever was firſt named above. This is a bar 


made uſe of to ſuſtain and move great weights. The 
bar is applied in one part to ſome ſtrong ſupport; as the 


bar AB (in fig. 23, 24.) is applied at the point C to the 


ſupport D. In ſome other part of the bar, as E, is ap- 


plied the weight to be ſuſtained or moved; and in a third 
place, as F, is applied another weight or equivalent force, 
which is to ſuſtain or move the weight at E. Now here, 
if, when the lever ſhould be put in motion, and turned 
upon the point C, the velocity, wherewith the point F 


would move, bears the ſame proportion to the velocity, 
where with the point E would move, as the wei ght at E 


bears to the weight or force at F; then the lever 


thus charged will have no propenſity to move either 
way. If the weight or other force at F be not fo 


great as to bear this proportion, the weight at E will 
not be ſuſtained; but if the force at F be greater 


than this, the weight at E will be ſurmounted. This 


is evident from what has been ſaid above, when the for- 


ces at E and F are placed (as in fig. 23.) on different ſides 


of the ſupport D. It will appear alſo equally manifeſt 
in the other caſe, by continuing the bar B C in fig. 24. 


$$ 27. o Pag. 54, 56. 
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60 Sir IS AAC NEWTON's Book I. 
on the other ſide of the ſupport D, till C G be equal to 
C F, and by hanging at G a weight equivalent to the 
power at F; for then, if the power at F were removed, 
the two weights at G and E would counterpoize each o- 
ther, as in the former caſe: and it is evident, that the 
point F will be lifted up by the weight at G with the 
ſame degree of force, as by the other power applied to 
F; ſince, if the weight at E were removed, a weight 
hung at F equal to that at G would balance the lever, 
the diſtances CG and CF being equal. 8 
33. Ir the two weights, or other powers, applied 
to the lever do not counterbalance each other; a third 
power may be applied in any place propoſed of the le- 
ver, which ſhall hold the whole in a juſt counterpoixe. 
Suppoſe (in fig. 25.) the two powers at E and F did 
not equiponderate, and it were required to apply a third 
power to the point G, that might be ſufficient to balance 
the lever. Find what power in F would juſt counter- 
balance the power in E; then if the difference between 
this power and that, which is actually applied at F, bear 
the ſame proportion to the third power to be applied at 
G, as the diſtance CG bears to GF; the lever will be 
counterpoized by the help of this third power, if it be 
fo applied as to act the ſame way with the power in F, 
when that power is too ſmall to counterbalance the 
power in E; but otherwiſe the power in G muſt be ſo 
applied, as to act againſt the power in F. In like man- 
ner, if a lever were charged with three, or any greater 
number of weights or other powers, which did not 
counterpoize each other, another power might be appli- 
ed in any place propoſed, which ſhould bring the whole 
to a juſt balance. And what is here ſaid concerning a 
plurality of powers, may be equally applied to all the 
following caſes. e | | 5 
34. IF the lever ſhould conſiſt of two arms making 
an angle at the point C (as in fig. 26.) yet if the for- 
ces are applied perpendicularly to each arm, the fame 
proportion will hold between the forces applied, and the 
5 5 | | diſtances 
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diſtances of the center, whereon the lever reſts, from 


the points to which they are applied. That is, the weight 


at E will be to the force in F in the ſame proportion, 
as CF bears to CE. 

35. Bur whenever the forces applied to the lever 
act obliquely to the arm, to which they are applied (as 
in fig. 27.) then the ſtrength of the forces is to be eſti- 
mated by lines let fall from the center of the lever to 
the dine io, wherein the forces act. To balance the 
levers in fig. 27, the weight or other force at F will 
bear the ſame proportion to the weight at E, as the di- 
ſtance C E bears to C G the perpendicular let fall from 
the point C upon the line, which denotes the directi- 


on wherein the force applied to F acts: for here, if the 


lever be put into motion, the power applied to F will 


begin to move in the direction of the line FG; and 
therefore its firſt motion will be the ſame, as the motion 


of the point G. 


36. WHEN two weights hang upon x lever, and the. 


point, by which the lever is ſupported, is placed in the 


middle between the two weights, that the arms of the 


leyer are both of equal length; then this lever is particu- 
larly called a balance; and equal weights equiponderate 
as in common ſcales. When the point of ſupport is not 
cgqually diſtant frofff both weights, / it conſtitutes that 
inſtrument for weighing, which is called a ſteelyard. 
Though both in common ſcales, and the ſteelyard, the 
point, on which the beam is hung, is not uſually pla- 
ced juſt in the ſame ſtraight line with the points, that 
hold the weights, but rather a little above (as in fig. 28.) 
where the lines drawn from the point C, whereon the 


beam is ſuſpended, to the points E and F, on which the 


weights are hung, do not make abſolutely one continued 
line. If the three points E, C, and F were in one 
ſtraight line, thoſe weights, which equiponderated, when 


the beam hung horizontally, would alſo equiponderate 
in any other ſituation. But we ſee in theſe inſtruments, 
when they are charged with weights, which equipon- 
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62 Sir TS AAC NEWTON's Bock I. 
derate with the beam hanging horizontally; that, if the 


beam be inclined either way, the weight moſt elevated 


ſurmounts the other, and deſcends, cauſing the beam to 
ſwing, till by degrees it recovers its horizontal poſition. 
This effect ariſes from the forementioned ſtructure: for 
by this ſtructure theſe inſtruments are levers compoſed 
of two arms, which make an angle at the point of ſup- 
port (as in fig. 29, 30.) the firſt of which repreſents the 


caſe of the common balance, the ſecond the caſe of the 


ſteelyard. In the firſt, where CE and CF are equal, 
equal weights hung at E and F will equiponderate, when 
the points E and F are in an horizontal ſituation. Sup- 
pole the lines E G and F H to be perpendicular to the 


horizon, then they will denote the directions, wherein 
the forces applied to E and F act. Therefore the pro- 
portion between the weights at E and F, which ſnall e- 


quiponderate, are to be judged of by perpendiculars, as 
J, CK, let fall from C upon E G and F H: ſo that 


the weights being equal, the lines CI, CK, muſt be 
' - equalalſo, when the weights equiponderate. Bur I be- 
lieve my readers will eaſily ſee, that ſince CE and CF 
are equal, the lines CI and CK will be equals when 
Cas: 


the points E and F are horizontally fituat 
37. Ir this lever be ſet into any other poſition (as in 


fg. 31.) then the weight, which Þ raiſed higheſt, will 


outweigh the other. Here, if the point F be raiſed 
higher than E, the perpendicular CK will be longer 
than CI: and therefore the weights would equiponde- 


rate, if the weight at F were leſs than the weight at E. 


But the weight at F is equal to that at E; therefore is 


greater, than is neceſſary to counterbalance the weight at 


E, and conſequently will out weigh it, and draw the beam 


| of the lever down. 


38. Ix like manner in the caſe of the ſtcelyard (fig. 
32.) if the weights at E and F are ſo proportioned, as 


To equiponderate, when the points E and F are horizon- 
tally ſituated; then in any other ſituation of this lever 
the weight, which is raiſed higheſt, will — 
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Chap. 2. PHILOSOPHY. 63 
That is, if in the horizontal ſituation of the points E 
and F the weight at F bears the ſame proportion to the 
weight at E, as CI bears to CK; then, if the point F 
be raiſed higher than E (as in fig. 32.) the weight at F 
ſhall bear a greater proportion to the weight at E, than 
CI bears to CK. | 


1 | 39: FARTHER a lever may be hung upon an axis, 
an 


then the two arms of the lever need not be con- 
tiguous, but fixed to different parts of this axis; as in 
fig. 33, where the axis AB is ſupported by its two 
extremities A and B. To this axis one arm of the le- 
ver is fixed at the point C, the other at the point D. 
Now here, if a weight be hung at E, the extremity 
of that arm, which is fixed to the axis at the point 
C; and another weight be hung at F, the extremity 
of the arm, which is fixed on the axis ar D; then theſe 
weights will equiponderate, when the weight at E bears 
the ſame proportion to the weight at F, as the arm DF 
bears to CE. 5 
40. Tris is the caſe, if both the arms are perpen- 
dicular to the axis, and lie (as the geometers expreſs 
themſelves) in the ſame plane; or, in other words, if 
the arms are ſo fixed perpendicularly upon the axis, 
that, when one of them lies horizontally, the other ſhall 
aſo be horizontal. If either arm ſtand not perpendi- 
cular to the axis; then, in determining the proporti- 
on between the weights, inſtead of the lengch of that 
arm, you muſt uſe the perpendicular let fall upon the 
axis from the extremity of that arm. If the arms are 
not ſo fixed as to become horizontal, at the ſame time; 


the method of aſſigning the proportion between the 


weights is analogous to that made uſe of above in levers, 
which make an angle at the point, whereon they are 
ſupportec. 4 „ OE 
41. FRO M this caſe of the lever hung on an axis, it is 
aly to make a tranſition to another mechanical power, 
the wheel and axis. LS | 
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64 Sir IS AAC NEWTON 's Book. 
42. THis inſtrument is a wheel fixed on a roller, 
the roller being ſupported at each extremity ſo as to turn 
round freely with the wheel, in the manner repreſen- 
ted in fig. 34, where AB is the wheel, CD the roller, 
and E F its two ſupports. Now ſuppoſe a weight G 
hung by a cord wound round the roller, and another 
weight H hung by a cord wound about the wheel the 
contrary way: that theſe weights may ſupport each 
other, the weight H muſt bear the fame proportion 
to the weight G, as the thickneſs of the roller bears 
to the diameter of the wheel. Bol oh 
43. SUPPOSE the line & tobe drawn through the 
middle of the roller; and from the place of the roller, 
where the cord,” on which the weight G hangs, be- 
gins to leave the roller, as at , let the line an be 
crawn perpendicularly to & /; and from the point, where 
the cord holding the weight H begins to leave the 
wheel, as at o, let the line op be drawn perpendicular 
to & I. This being done, the two lines op and mn 
repreſent two arms of a lever fixed on the axis æ1; conſe- 
2 the weight H will bear to the weight G the 
ame proportion, as n n bears to op. But m# bears the 
ſame proportion to op, as the thickneſs of the roller 
bears to the diameter of the wheel; for m n is half 
the thickneſs of the roller, and op half the diameter of 
the-wheeT: > HHV oa 
44. Ir the wheel be put into motion, and turned 
once round, that the cord, on which the weight G 
hangs, be wound once more round the axis; then at 
the fame time the cord, whereon the weight H hangs, 
will be wound off from the wheel one circuit. There- 
fore the velocity of the weight G will bear the ſame 
proportion to the velocity of the weight H, as the 
circumference of the roller to the circumference of 
the wheel. But the circumference of the roller bears 
the ſame proportion to the circumference of the wheel, 
as the thickneſs of the roller bears to the diameter of 


the wheel, conſequently the yelocity of the 5 G 
| ars 
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bears to the velocity of the weight H the ſame 
proportion, as the thickneſs of the roller bears to the 
diameter of the wheel, which is the proportion that 
the weight H bears to the weight G. Therefore as 
before in the lever, ſo here alſo the general rule laid 
down above is verified, that the weights equiponde- 
rate, when their velocities would be reciprocally pro- 
portional to their reſpective weights. 

45. IN like manner, if on the ſame axis two wheels 


of different ſizes are fixed (as in fig. 35.) and a weight 


hung on each; the weights will equiponderate, if the 
weight hung on the greater wheel bear the ſame pro- 


portion to the weight hung on the leſſer, as the di- 


ameter of the leſſer wheel bears to the diameter of 
the greater. | | 
46. Ir is uſual ro join many wheels together in the 
fame trame, which by the means of certain teeth, 
formed in the circumference of each wheel, ſhall com- 
municate motion to each other. A machine of this na- 
ture is repreſented in ag: 36. Here ABC is a winch, 
upon which is fixed a ſmall wheel .D indented with 
teeth, which move in the like teeth of a larger 
wheel E F fixed on the axis G H. Let this axis carry 
another wheel I, which ſhall move in like manner a 
greater wheel K L fixed on the axis MN. Let this 
axis ny another ſmall wheel O, which after the ſame 
manner ſhall turn about a larger wheel PQ fixed on the 
roller RS, on which a cord ſhall be wound, that holds 
a weight, as T. Now the proportion required be- 
tween the weight T and a power applied to the 
winch at A ſufficient to ſupport the weight, will moſt 
| ealily be eſtimated, by computing the proportion, which 
the velocity of the point A would bear to the veloci- 
ty of the weight. If the winch be turned round, the 
point A will deſcribe a circle as AV. Suppoſe the 
wheel EF to have ten times the number of teeth, as 
the wheel D; then the winch muſt turn round ten 
times -to carry the * EF once round. If the 


wheel 
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wheel K L has alſo ten times the number of teeth, as 
I, the wheel I muſt turn round ten times to carry the 
wheel K L once round; and conſequently the winch 
AB C muſt turn round an hundred times to turn the 
wheel KL. once round. Laſtly, if the wheel PQ 
has ten times the number of teeth, as the wheel O, 
the winch muſt turn about one thouſand times in order 
to turn the wheel P Q, or the roller R S once round. 
Therefore here the point A muſt have gone over the 
circle A V a thouſand times, in order to lift the weight 
T through a ſpace equal to the circumference of the 
roller R S : whence it follows, that the power applicd 
at A will balance the weight T, if it bear the ſame 
proportion to it, as the circumference of the roller to 
one thouſand times the circle AV; or the fame pro- 
portion as half the thickneſs of the roller bears to one 

thouſand times AB. | DE 
47. I sH ALL now explain the effect of the pully. 
Let a weight hang by a pulley, as in fig. 37. Here 
ir is evident, that the power A, by which the weight 
B is ſupported, mult be equal to the weight; for the 
cord C D is equally ſtrained between them; and if the 
weight B move, the power A muſt move with equal 
velocity. The pulley E has no other effect, than to 
permit the power A to act in another direction, than it 
muſt have done, if it had been directly applied to ſup- 
port the weight without the intervention of any ſuch 
inſtrument. | JJ 
48. AGAIN, let a weight be ſupported, as in fig. 
38; where the weight A is fixed to the pulley B, and 
the cord, by which the weight is upheld, is annexed 
by one extremity to a hook C, and at the other end 
is held by the power D. Here the weight is ſuppor- 
ted by a cord doubled; inſomuch that although the 
cord were not ſtrong enough to hold the weight ſingle, 
yet being / thus doubled it might ſupport it. It the end 
of the cord held by the power D were hung on the 
hook C, as well as the other end; then, when — 
85 | a 
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Chap. 2. PHILOSOPHY ( 
of the cord were tied to the hook, it is evident, that 
the hook would bear the whole weight; and each end 
of the ſtring would bear againſt the hook with the 
force of halt the weight only, ſeeing both ends together 
bear with the force of the whole. Hence it is evident, 
that, when the power D holds one end of the weight, the 
force, which it muſt exert to ſupport the weight, muſt 
be equal to juſt half the weight. And the fame pro- 
portion between the weight and power might be col- 
lected from comparing the reſpective velocities, with 
which they would move; for it is evident, that the 
power muſt move through a ſpace equal to twice the 
diſtance of the pulley from the hook, in order to liſt 
the pulley up to the hook. F 
49. Ir it equally eaſy to eſtimate the effect, when 
many pulleys are combined together, as in fig. 39, 403 
in the firſt of which the under ſer of pulleys, and con- 
ſequently the weight is held by ſix ſtrings; and in the 
latter figure by five: therefore in the firſt of theſe 
figures the power to ſupport the weight, muſt be one 
ſixth part only of the weight, and in the latter figure 
the power muſt be one fifth part. . e 
fo. THERE are two other ways of ſupporting a 
weight by pulleys, which I ſhall particularly conſider. 
fl. ONE of theſe ways is repreſented in fig. 41. 
Here the weight being connected to the pulley B, a 
power equal to half the weight A would ſupport” the 
pulley C, if applied immediately to it. Therefore the 
pulley C is drawn down with a force equal to half the 
weight A. But if the pulley D were to be immedi- 
ately ſupported by half the force, with which the 
pulley C is drawn down, this pulley D will uphold the 
pulley C; fo that if the pulley D be upheld with a 
force equal to one fourth part of the weight A, that 
force will ſupport the weight. Bar, for rhe ſame rea- 
{ fon as before, if the power in E be equal to half the 


force neceſſary to uphold the pulley D; this pulley, __ - 


and conſequently the weight A, will be upheld; there- 
. | r fore, 
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fore, if the power in E be one eighth part of the weight 
A, it will ſupport the weight. 

z. AN oT HER way of applying pulleys to a weight 
is repreſented. in fig. 42. To explain the effect of 
pulleys thus applied, it will be proper to conſider diffe- 
rent weights hanging, as in fig. 43. Here, if the power 
and weights balance each other, the power A is equal 
to the weight B; the weight C is equal to twice the 
power A, or the weight B; and for the ſame reaſon 

the weight D is equal to twice the weight C, or equal 
to four times the power A. It is evident therefore, that 
all the three weights B, C, D together are equal to ſeven 
times the power A. But if theſe three weights were 
joined in one, they would produce the caſe of fig. 42: 
ſo that in that figure the weight A, where there are 
three pulleys, is ſeven times the power B. If there had 
been but two pulleys, the weight would have been three 
times the power; and if there had been four pulleys, 
the weight would have been fiſteen times the power. 

53. Trex wedge is next to be conſidered. The form 
of this inſtrument is ſufficiently known. When it is 
put under any weight (as in fig. 44.) the force, with 
which the wedge will lift the weight, when drove un- 
der it by a blow upon the end A B, will bear the ſame 
proportion to.the force, wherewith the blow would a& 
on the weight, if directly applied to it; as the veloci- 
ty, which the wedge receives from the blow, bears to 
2 velocity, wherewith the weight is lifted by the 
Wedge. „ | * "TO 

=> TE ſcrew is the fifth mechanical power. 

There are two ways of applying this inſtrument. Some- 
times it is ſcrewed into a hole, as in fig. 45, where the 
ſcrew AB is ſcrewed through the plank C D. Some- 
times the ſcrew is applicd to the teeth of a wheel, as in 
fig. 46, where the thred of the ſcrew AB turns in the 

teeth of a wheel CD. In both theſe caſes, if a bar, as 
AE, be fixed to the end A of the ſcrew ; the force, 
wherewith the end B of the ſcrew in fig. 45 is forced 
: . | 1 down, 
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down, and the force, wherewith the teeth of the 
wheel CD in fig. 44 are held, bears the ſame 1 
tion to the power applied to the end E of the bar; as 
the velocity, wherewith the end E will move, when 
the ſcrew is turned, bears to the velocity, wherewith 


the end B of the ſcrew in fig. 45, or the teeth of the 


wheel C D in ag. 45, will be moved. 

y. Tre inclined plane affords alſo a means of raiſing 
a weight with leſs force, than what is equal to the 
weight it ſelf, Suppoſe it were required to raiſe the 
globe A (in fig. 47.) from the ground BC up to the 
point, whole perpendicular height from the ground is 
E D. If this globe be drawn along the ſlant DF, lefs 
force will be required to raiſe it, than if it were lifted 


directly up. Here if the force applied to the globe bear 


the ſame proportion only to its weight, as E bears to 
F D, it will be ſufficient to hold up the globe; and 


therefore any addition to that force will put it in moti- 


on, and draw jt up; unleſs the globe, by preſſing againſt 
the plane, whereon it lies, adhere in ſome degree to the 


plane. This indeed it muſt always do more or leſs, 


fince no plane can be made fo abſolutely ſmooth as to 
have no inequalities at all; nor yet fo infinitely hard, 
as not to yield in the leaſt to the preſſure of the weight. 
Therefore the globe cannot be laid on ſuch a plane, 
whereon it will ſlide with perfect freedom, but they 
muſt in ſome meaſure rub againſt each other; and this 
friction will make it neceſſary to employ a certain de- 
gree of force more, than what is neceſſary to ſupport 
the globe, in order to give it any motion. But as all 
the mechanical powers are ſubject in ſome degre or other 
to the like impediment from friction; I ſhall here only 


ſhew what force would be neceſſary to ſuſtain the globe, 


if it could lic upon the plane without cauſing any fricti- 
on at all. And I fay, that if the globe were drawn by 
the cord G H, lying parallel to the plane DF; and 
the force, wherewith the cord is pulled, bear the 


| ſame proportion to the weight of the globe, as ED 


3 | 


—— — — * WW 


70 Sir TS AAC NE WTON'sS Book T. 
bears to DF; this force will ſuſtain the globe. In or- 
der to the making proof of this, let the cord G H. 
be continued on, and turned over the pulley I, and let 
the weight K be hung to it. Now I ſay, if this 
weight bears the ſame proportion to the globe A, as 
DE bears to DF, the weight will ſupport the globe. 
I think it is very manifeſt, that the center of the globe 
A will lie in one continued line with the cord H G. 
Let L be the center of the globe, and M the center 
of gravity of the weight K. In the firſt place let the 
weight hang ſo, that a line drawn from L to M ſhall 
lie horizontally ; and I ſay, if the globe be moved 
either up or down the plane D F, the weight will fo 
moye along with it, that the center of gravity eom- 
mon to both the weights ſhall continue in this line 
IL M, and therefore ſhall in no caſe deſcend. To prove 
this more fully, I ſhall depart a little from the method 
of this treatiſe, and make uſe of a mathematical propoſi- 
on or two: but they are ſuch, as any perſon, who has 
read Evcripd's ELEMENTS, will fully compre- 
hend; and are in themſelves ſo evident, that, I believe, 
my readers, who are wholly ſtrangers to geometrical 
writings, will make no difficulty of admitting them. 
This being premited, let the globe be moved up, till 
its center be at G, then will M the center of gravity of 
the weight K be ſunk to N; ſo that MN ſhall be 
equal to G L. Draw N G croſſing the line M Lin O; 
then I fay, that O is the common center of gravity 
of the two weights in this their new ſituation. Let 
GP be drawn perpendicular to ML; then G will 
bear the ſame proportion to GP, as D F bears to DE; 
and MN being equal to GL, MN will bear the ſame 
proportion to GP, as DF bears to DE. But NO 
— the ſame proportion to OG, as MN bears to 
. . GP; conſequently NO will bear the ſame proporti- 
on to O G, as DF bears to DE. In the laſt place, the 
weight of the globe A bears the ſame proportion to 
the: other weight K, as DF bears to DE; 5 


. 
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3 NG bears the ſame proportion to O G, as the weight 
df the globe A bears to the weight K. Whence it 
follows, that, when the center of the globe A is in G, 
and the center of gravity of the weight K is in N, O 
will be the center of gravity common to both the 
weights. After the ſame manner, if the globe had 
been cauſed to deſcend, the common center of gravity 
would have been found in this line ML. Since there- 


fore no motion of the globe either way will make the 


common center of gravity deſcend, it is manifeſt, from 
what has been ſaid above, that the weights A and K 
cCounterpoize each other. | | 

76. I SHALL now conſider the cafe of pendulums. 
A pendulum is made by hanging a weight to a line, 
ſo that it may ſwing backwards and forwards. This 
motion the geometers have very carefully conſidered, 
becauſe it is the moſt commodious inſtrument of any 
for the exact meaſurement of time. _ | 

57. I nave obſerved already , that if a body 
hanging perpendicularly by a ſtring, as the body A 
(in fig. 48.) hangs by the ſtring AB, be put fo into 
motion, as to be made to aſcend up the circular arch 
AC; then as ſoon as it has arrived at the higheſt 
point, to which the motion, that the body has received, 
will carry it; it will immediately begin to deſcend, 
and at A will receive again as great a degree of motion, 
as it had at firſt. This motion therefore will carry the 
body up the arch AD, as high as it aſcended before 
in the arch A C. Conſequently in its return through 
the arch DA it will acquire again at A its original 
velocity, and advance a ſecond time up the arch AC 
as high as at firſt; by this means continuing without 
end its reciprocal mot ion. It is true indeed, that in fact 
every pendulum, which we can put in motion, will 
gradually leſſen its ſwing, and at length ſtop, unleſs 
there be ſome power conſtantly applied to it, whereby 


| v'F 23, 


* 0 


3 _— 
3 


72 Sir ISAAC NEWTON's. Book I. 


its motion ſhail be renewed ; but this ariſes from the 
_ reſiſtance, which the body meets with both from the 
air, and the ſtring by which it is hung: for as the air 
will give ſome obſtruction to the progreſs of the body 
movmg through it; ſo alſo the ſtring, whereon the bo- 
dy hangs, will be a farther impediment; for this ſtring 
muſt either ſlide on the pin, whereon it hangs, or it 
muſt bend to the motion of the weight; in the firſt 
there muſt be ſome degree of friction, and in the latter 
the ſtring will make ſome reſiſtance to its inflection. 
However, if all reſiſtance could be removed, the mo- 
tion of a pendulum would be perpetual. 

78 Bur to proceed, the firſt property, I ſhall take 
notice of in this motion, is, that the greater arch the 
pendulous body moves through, the greater time it 
takes up.: though the length of time does not increaſe 
in ſo great a proportion as the arch. Thus if CD be 
a greater arch, and E F a leſſer, where CA is equal 
to AD, and E A equal to A F; the body, when it 
{wings through the greater arch CD, ſhall take up in 
its ſwing from C to D a longer time than in ſwinging 


from E to F, when it moves only in that leſſer arch ; 


or the time in which the body let fall from C will de- 
ſcend through the arch QA is greater than the time, 
in which it will deſcend through the arch E A, when 
Jer fall from E. Burt the firſt of theſe times will not 


Hold the ſame proportion to the latter, as the firſt arch 


. CA bears to the other arch E A; which will appear 
thus. Let CG and EH be two horizontal lines. It 
has been remarked above *, that the body in falling 
through the arch C A will acquire as great a velocity 
at the point A, as it would have gained by falling di- 
rectly down through G A; and in falling through the 
arch E A it will acquire in the point A only that ve- 
locity, which it would have got in falling through HA, 
Therefore, when the body deſcends through the grea - 
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ter arch C A, it ſhall gain a greater velocity, than when 
it paſſes only through the leſſer; ſo that this greater ve- 
locity will in ſome degree compenſate the greater length 
of the arch. 
79. THe increaſe of velocity, which the body ac- 
quires in falling from a greater height, has ſuch an 


effect, that, if ſtraight lines be drawn from A to c 


and E, the body would fall through the longer ſtraight 
line C A juſt in the fame time, as through the ſhorter 
ſtraight line EA. This is demonſtrated by the geome- 
ters, who prove, that if any circle, as AB CD (fig. 
49.) be placed in a perpendicular ſituation; a body ſhall 
fall obliquely through every line, as A B drawn from 


the loweſt point A in the circle to any other point in 


the circumference juſt in the ſame time, as would be 


imployed by the body in falling perpendicularly down 


through the diameter CA. But the time in which 
the body will deſcend through the arch, is different 
from the time, which it would take up in falling through 
the line AB. N | | 

60. Ir has been thought by ſome, that becauſe in 
very ſmall arches this correſpondent ſtraight line differs 
but little from the arch itſelf ; therefore the deſcent 


through this ſtraight line would be performed in ſuch 


ſmall arches nearly in the ſame time as through the 


arches themſelves: ſo that if a pendulum were to og 


in ſmall arches, half the time of a ſingle ſwing woul 
be nearly equal to the time, in which a body would 


fall perpendicularly through twice the length of the 


pendulum. That is, the whole time of the ſwing, ac- 
cording to this opinion, will be four fold the time re- 
quired for the body to fall through half the length of 
the pendulum ; becauſe the time of the body's falling 
down twice the length of the pendulum is half the 
time required for the fall through one quarter of this 


ſpace, that is through half the pendulum's length. 


However there is here a miſtake; for the whole time 
of the ſwing, when the pendulum moves through ſmall 
| LO W 
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arches, bears to the time required for a body to fall 
down through half the length of the pendulum very 
nearly the ſame proportion, as the circumference of a 
Circle bears to its diameter; that is very nearly the pro- 
portion of 35y to 113, or little more than the propor- 
tion of 3 to 1. If the pendulum takes fo great a ſwing, 
as to paſs over an arch equal to one ſixth part of the 
whole circumference of the circle, it will ſwing 115 
times, while it ought according to this proportion to 
have ſwung 117 times; fo that, when it ſwings in fo 
large an arch, it loſes ſomething leſs than two ſwings 
in an hundred. If it ſwing through b only of the cir- 
cle, it ſhall not loſe above one vibration in 160. If it 
ſwing in z8 of the circle, it ſhall loſe about one vibra- 
tion in 690. If its ſwing be confined to of the 
whole circle, it ſhall loſe very little more than one 
{wing in 2600. And if it take no greater a ſwing than 
through & of the whole circle, it ſhall not loſe one 
ſwing in 5800. _ | : 
61. Now it follows from hence, that, when pen- 
dulums ſwing in ſmall arches, there is very nearly a 
conſtant proportion obſerved between the time of their 
ſwing, and the time, in which a body would fall per- 
pendicularly down through half their length. And we 
have declared above, that the ſpaces, through which 
bodies fall, are in a two fold proportion of the times, 
which they take up in falling *. Therefore in pendu- 
lums of different lengths, ſwinging through ſmall arches, 
the lengths of the pendulums are in a two fold or du- 
plicate proportion of the times, they take in ſwinging; 
ſo that a pendulum of four times the length of another 
ſhall take up twice the time in each ſwing, one of 
nine times the length will make one ſwing only for 
three {wings of the ſhorter, and ſo on. 

62. T n1s proportion in the ſwings of different pen- 
dulums not only holds in fmall arches ; but in large 


2 1%, | 
ones 


Chap. PHILOSOPHY. 


75 


ones alſo, provided they be ſuch, as the geometers call 


ſimilar; that is, if the arches bear the ſame proportion 


to the whole circumferences of their reſpective circles. 


| Suppole (in fig. fo.) AB; CD to be two pendulums. 


Let the arch EF be deſcribed by the motion of the 
pendulum A B, and the arch G H be deſcribed by the 
pendulum CD; and ler the arch E F bear the ſame pro- 


portion to the whole circumference, which would be 


formed by turning the pendulum AB quite round about 
the point A, as the arch GH bears to the whole cir- 
cumfterence, that would be formed by turning the pen- 


dulum CD quite round the point C. Then I fay, the 


proportion, which the length of the pendulum AB 
bears to the length of the pendulum CD, will be two 
fold of the proportion, which the time taken up inthe 
deſcription of the arch E F bears to the time employed 
in the deſcription of the arch G H. 

63. TH s pendulums, which ſwing in very ſmall 


arches, are nearly an equal meaſure of time. But as they 


are not ſuch an equal meaſure to geometrical exactneſs; 


the mathematicians have found out a method of cauſing 
a pendulum ſo to ſwing, that, if its motion were not 


obſtructed by any reſiſtance, it would always perform 


each ſwing in the ſame time, whether it moved through 


a greater, or a leſſer ſpace. This was firſt diſcovered 
by the great HY GE NS, and is as follows. Upon the 
ſtraight line AB (in fig. 71.) let the circle C D E be 
ſo placed, as to touch the ſtraight line in the point C. 
Then ler this circle roll along upon the ſtraight line A B, 
as a coach- wheel rolls along upon the ground. It is e- 
vident, that, as ſoon as ever the circle begins to move, 
the point C in the circle will be lifted off from the ſtraight 


line AB; and in the motion of the circle will deſcribe 


a Crooked courſe, which is repreſented by the line CFGH. 
Here the part CH of the ſtraight line included between 
the two extremities C and H of the line CFGH will 


be equal to the whole circumference of the circle CDE; 
and if C H be divided into two equal parts at the point I, 
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and the ſtraight line I K be drawn perpendicular to CH, 


this line IK will be equal to the diameter of the circle 


CDE. Now in this line if a body were to be ler fall 
from the point H, and were to be carried by its weight 


- down the line HG K, as far as the point K, which is 


the loweſt point of the line CF G Hz; and if from any 
other point G a body were to be let fall in the ſame man- 


ner; this body, which falls from G, will rake juſt the 


fame time in coming to K, as the body takes up, which 
falls from H. Therefore if a pendulum can be fo hung, 
that the ball ſhall move in the line HG F C, all its 


ſwings, whether long or ſhort, will be performed in the 
"fame time; for the time, in which the ball will deſcend 


to the point K, is always half the time of the whole 
ſwing. But the ball of a pendulum will be made to 


ſwing in this line by the following means. Let K I 


(in fig. 52.) be prolonged upwards to L, till TL is e- 


qual to I K. Then let the line LMH equal and like to 
KH be applied, as in the figure between the points L 


and H, fo that the point which in this line L MH an- 
ſwers to the point H in the line K H ſhall be applied 


to the point L, and the point anſwering to the point 
K ſhall be applied to the point H. Alſo let ſuch ano- 


ther line LN C be applied between L and C in the ſame 


manner. This preparation being made; if a pendulum 


- be hung at the point L of ſuch a length, that the ball 


thereof ſhall reach to K; and if the ſtring ſhall conti 
nually bend againſt the lines HM L and LN C, as the 


pendulum ſwings to and fro; by this means the ball ſhall 


conſtantly keep in the line CK II. | 
64. No v in this pendulum, as all the ſwings, whe- 


ther long or ſhort, will be performed in the ſame time; 
ſo the time of each will exactly bear the ſame propor- 
tion to the time required for a body to fall ꝓerpendicu- 


larly down, through half the length of the pendulum, 
that is from I to K, as the circumference of a circle 
bears to its diameter. EE TIE 
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65. Ir may from hence be underſtood in ſome mea- 
(ure, why, when pendulums ſwing in circular arches, 
the times of their {wings are nearly equal, if the arches 


” 8 though thoſe arches be of very unequal 


engths; for if with the ſemidiameter LK the circular 


arch O KP be deſcribed, this arch in the lower part of 
it will differ very little from the line C KH. 


66. Ir may not be amiſs here to remark, that a body 


will fall in this line CK H (fg. 53.) from C to any 


other point, as Q or R in a ſhorter ſpace of time, than 


if it moved through the ſtraight line drawn from C to 


the other point; or through any other line whatever, 


than can be drawn between theſe two points. 

67. Bu r as I have obſerved, that the time, which 
a pendulum takes in ſwinging, depends upon its length; 
I ſhall now ſay ſomething concerning the way, in which 
this length of the pendulum is to be eſtimated. If the 
whole ball of the pendulum could be crouded into one 


E this length, by which the motion of the pendu- 


is to be computed, would be the length of the ſtring 

or rod. But the ball of the pendulum muſt have a ſen- 
ſible magnitude, and the ſeveral parts of this ball will 
not move with the ſame degree of ſwiftneſs; for thoſe 
which are fartheſt from the point, whereon the 

. pendulum is ſuſpended, mult move with the greateſt ve- 


locity. Therefore to know the time in which the pen- 
dulum ſwings, it is neceſſary to find that point of the 

ball, which moves with the ſame degree of velocity, 
as if the whole ball were to be contracted into that 


point. 


68. Twis point is not the center of gravity, as I thall 


now endeavour to ſnew. Suppoſe the pendulum A B 
(in fig. 74.) compoſed of an inflexible rod A C and 
ball CB, to be fixed on the point A, and lifted up in- 
to an horizontal ſituation. Here if the rod were not 
fixed to the point A, the body CB would deſcend di- 
rectly with the whole force of its weight; and each 
part of the body would moye down with the fame de- 
, N gree 
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body CB. 


gree of ſwiftneſs. But when the rod is fixed at the point 


A, the body muſt fall after another manner; for the parts of 


the body muſt move with different degrees of velocity, 
the parts more remote from A deſcending with a ſwit- 


ter motion, than the parts nearer to A; ſo that the bo- 
dy will receeive a kind of rolling motion while it de- 


ſcends. But it has been obſerved above, that the effect 
of gravity upon any body is the ſame, as if the whole 
force were exerted on the body's center of gravity . 
Since therefore the power of gravity in drawing down 
the body muſt alſo communicate ro it the rolling motion 


Juſt deſcribed; it ſeems evident, that the center of gra- 
vity of the body cannot be drawn down as ſwiftly, as 


when the power of gravity has no other effect to produce 
on the body, than merely to draw it downward. If 
therefore the whole matter of the body CB could be 
crouded into its center of gravity, ſo that being united 
into one point, this rolling motion here mentioned might 
give no hindrance to its deſcent ; this Fer would de- 
cend faſter, than it can now do. And the point, which 
now deſcends as faſt, as if the whole matter of the body 
CB were crouded into it, will be farther removed 
from the point A, than the center of gravity of the 


69. AGAIN, ſuppoſe the pendulum AB (in fig. 


F.) 
to hang obliquely. Here the power of gravity wil. o- 


perate leſs upon the ball of the pendulum, than before: 
bur the line D E being drawn fo, as to ſtand perpendi- 
cular to the rod A C of the pendulum; the force of gra- 


vity upon the body CB, now it is in this ſituation, will 


produce the ſame effect, as if the body were to glide 
down an inclined plane in the poſition of DE. But 


here the motion of the body, when the rod is fixed 
to the point A, will not be equal to the uninterrupted 
deſcent of the body down this plane; for the body will 


here alſo receive the ſame kind of rotation in its motion, 


as before; ſo that the motion of the center of gravity 


e | $ 
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will in like manner be retarded ; and the point, which 
here deſcends with that degree of ſwiftneſs, which the 


body would have, if not hindered by being fixed to the 


point A; that is, the point, which deſcends as faſt, as 
if the whole body were crouded into it, will be as far re- 
moved from the point A, as before. | 
70. TEIs point, by which the length of the pen- 
dulum is to be eſtimated, is called the center of oſcilla- 
tion. T the mathematicians have laid Cown general 
directions, whereby ro find this center in all bodies. If 


the globe A B ( in fig. 56.) be hung by the ſtring CD, 


whoſe weight need not be regarded, the center of oſ- 
cillation is found thus. Let tne ſtraight line drawn from 
C to D be continued through the globe to F. That it 


will pals through the center of the globe is evident. Sup- 


poſe E to be this center of the globe; and take the line 
G of fuch a length, that it ſhall bear the ſame proporti- 
on to E D, as ED bears to EC. Then E H being 
made equal td of G, the point H ſhall be the center 
of oſcillation *. If the weight of the rod CD is too 


conſiderable to be neglected, divide C D (fig. 57.) in I, 


that DI be equal to ; part of C D; and take K in 


the ſame proportion to CI, as the weight of the globe 
A B to the weight of the rod CD. Then having 


found H, the center of oſcillation of the globe, as be- 


fore, divide I K in L, fo that I L ſhall bear the fame 
proportion to LH, as the line CH bears to K; and L. 
ſhall be the center of oſcillation of the whole pendulum. 

71. THIS computation is made upon ſuppoſition, 
that the center of oſcillation of the rod C D, if that 
were to ſwing alone without any other weight annex- 
ed, would be the point I. And this point would be 
the true center of oſcillation, ſo far as the thickneſs of 


the rod is not to be regarded. If any one chuſes to 


take into conſideration the thickneſs of the rod, he 
mult place the center of oſcillation thereof ſo much 
below the point I, that eight times the diſtance of 


2 Hugen, Horolog. oſcillat. pag. 141, 142. 
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the center from the point I ſhall bear the ſame pro- 
portion to the thickneſs of the rod, as the thickneſs 
of the rod bears to its length C D*. OE 

72. I'T has been obſerved above, that when a pen- 
dulum ſwings in an arch of a circle, as here in fig. 78, 
the pendulum A B ſwings in the circular arch CD; 
if you draw an horizontal line, as E F, from the place 
whence the pendulum is let fall, to the line A G, which 
s perpendicular to the horizon: then the velocity, 

Which the pendulum will acquire in coming to the 
Point G, will be the ſame, as any body would acquirein 


falling directly down from F to G. Now this is to be 


underſtood of the circular arch, which is deſcribed by 


the center of oſcillation of the pendulum. I ſhall here 
farther obſerve, that if the ſtraight line E G be drawn 


from the point, whence the pendulum falls, to the low- 
eſt point of the arch; in the ſame or in equal pendu- 
lums the velocity, which the pendulum acquires in G, 
is proportional to this line: that is, if the pendulum, 


after it has deſcended from E to G, be taken back to H, 


and let fall from thence, and the line H G be drawn; 
the velocity, which the pendulum ſhall acquire in G 
by its deſcent from H, - ſhall. bear the fame proportion 
to the velocity, which: it acquires in falling from E 
= G, as the ſtraight line H G bears to the ſtraight line 


. . 73. We may now proceed to thoſe experiments 
upon the percuſſion of bodies, which I obſerved above 
might be made with pendulums. This expedient for 
examining the effects of percuſſion was firſt propoſed 
by our late great architect Sir CHñRISTO HER 
Wren. And it is as follows. Two balls, as A and 
B (in fig. 79.) either equal or unequal, are hung by two 
itrings from two points C and D, ſo that, when the balls 

hang down without motion, they ſhall juſt touch each 


other, and the ſtrings be parallel. Here if one of theſe 


2 See Hugen. Horolog. oſcillat, p. 142. 
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balls be removed to any diſtance from its perpendicular 


ſituation, and then let fall to deſcend and ſtrike againſt 
the other; by the laſt preceding paragraph it will be 


known, with what velocity this ball ſhall return into its 
firſt perpendicular ſituation, and conſequently with what 


force it ſhall ſtrike againſt the other ball; and by the 
height to which this other ball aſcends after the ſtroke, 


the velocity communicated to this ball will be diſcove- 


red. For inſtance, let the ball A be taken up to E, 
and from thence be let fall to ſtrike againſt B, paſſing 
over in its deſcent the circular arch EF. By this im- 
pulſe ler B fly up to G, moving through the circular 


arch HG. Then EI and G K being drawn horizon- 


rally, the ball A will ſtrike againſt B with the veloci- _ 


ty, which ic would acquire in falling directly down from 


I; and the ball B has received a velociry, wherewith, 


if it had been thrown directly upward, it would have 


aſcended up ro K. Likewiſe if ſtraight lines be drawn 


from E to F and from H to G, the velocity of A, 
where with it ſtrikes, will bear the ſame proportion to 
the velocity, which B has received by the blow, as 
the ſtraight line E F bears to the ſtraight line H G. 
In the ſame manner by noting the place to which A 
aſcends after the ſtroke, its remaining velocity may be 


compared with that, wherewith it ſtruck againſt B. 
Thus may be experimented the effects ot the body A 
ſtriking againſt B ar reſt. If both the bodies are lifted 


up, and fo let fall as to meet and impinge againſt each 


other juſt upon the coming of both into their perpen- 


dicular ſituation; by obſerving the places imo which 


they move after the ſtroke, the effects of their percuſſi - 
on in all theſe caſes may be found in the fame manner as 


before. 


V4. Sir Is AAC NEwrToN has deſcribed theſe ex- 


periments; and has ſhewin how to improve them to a 

greater exactneſs by making allowance for the leſiſt- 

ance, which the air gives to the motion of the balls“. 
. Princip, Philof. pag. 22. 
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But as this reſiſtance is exceeding ſmall, and the manner 
of allowing for it is delivered by himſelf in very plain 


terms, I need not enlarge upon it here. I ſhall rather 


ſpeak to a diſcovery, which he made by theſe experi- 
ments upon the elaſticity of bodies. It has been ex- 
plained above, that when two bodies firike, if they be 


not elaſtic, they remain contiguous after the ſtroke z 


but thar if they are elaſtick, they ſeparate, and that the 
degree of their elaſticity determines the proportion be- 
tween the celerity where with they ſeparate, and the 
celerity wherewithgthey. meet. Now our author found, 
that the degree of elaſticity appeared in the ſame bodies 


always the ſame, with whatever degree of force they 


truck; that is, the celerity where with they ſeparated, 
always bore the ſame proportion to the celerity w here- 
with they met: ſo that the elaſtie power in all the 
bodies, he made trial upon, exerted it ſelf in one con- 
ſtant proportion to the compreſſing force. Our author 
made trial with balls of wool bound up very compact, 
and found the celerity with which they receded, to 
bear about the proportion of F to 9 to the celerity 
where with they met; and in ſteel he found nearly the 
2 e z in cork the elaſticity was ſomething 
S 5 


celerity wherewith they met *. IT 


75. Is HALL finiſh my diſcourſe on pendulums, with 
this farther obſervation only, that the center of oſcilla- 
tion is alſo the center of another force. If a body be 


fixed to any point, and being put in motion turns round 
it; the body, if uninterrupted by the power of gravi- 


ty or any other means, will continue perpetually to. 


move about with the ſame equable motion. Now. the 
force, with which ſuch a body moves, is all united 
in the point, which in relation to the power of gravi- 
a Chap. 1.$ 29. 1 b Princip. Philoſ. pag. 25. 

. | ty 


ut in glaſs much greater; for the celerity, where- 
with balls of that material ſeparated after percuſſion, 
he found to bear the proportion of 15 to 16 to the 


a+. ht ER UTR a R 


ty is called the center of oſcillation. Let the cylinder 
ABCD (in fig. 60.) whoſe axis is E F, be fixed to 
the point E. And ſuppoſing the point E to be that 


on which the cylinder is ſuſpended, let the center of 
oſcillation be found in the axis E F, as has been ex- 


plained above *. Let G be that center: then ] ſay, that 
the force, wherewith this cylinder turns round the point 
E, is ſo united in the point G, that a ſufficient force 
applied in that point ſhall ſtop the motion of the cy- 
linder, in ſuch a manner, that the cylinder ſhall imme- 
diately remain without motion, tho were to be looſ- 
ened from the point E at the ſame inſtant, that the 
impediment was applied to G: whereas, if this impe- 
diment had been applied to any other point of the axis, 
the cylinder would turn upon the point, where the 
impediment was applied If the impediment had been 


applied between E and G, the cylinder would fo turn 


on the point, where the impediment was applied, that 
the end B C would continue to move on the ſame way 


it moved before along with the whole cylinder; but if 
the impediment we applied to the axis farther off from 


E than G, the end AD of the cylinder would ſtart out 
of its preſent place that way in which the cylinder mov- 
ed. From this property of the center of oſcillation, it 
is alſo called the center of percuſſion. That excellent 
mathematician, Dr. B ROOK TAYLOR, has farther 


improved this doctrine concerning the center of per- 


cuſſion, by ſhewing, that if through this point G a line, 
as G HI, be drawn perpendicular to E F, and lying in 
the courſe of the body's motion; a ſufficient power ap- 
plied to any point of this line will have the ſame effect, 
as the like power applied to G“: ſo that as we before 


ſnewed the center of percuſſion within the body on its 


axis; by this means we may find this center on the ſur- 
face of the body alſo, for it will be where this line H L 
croſſes that-farface. [i - & SHE 3G 


2 71. > See Method. Increment. prop. 25. 
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56. I sHA LL now proceed to the laſt kind of mo- 

tion, to be treated on in this place, and ſhew what line 
the power of gravity will cauſe a body to deſcribe, 
when it is thrown forwards by any force. This was firſt 
diſcovered by the the great GALILEO, and is the 


principle, upon which engineers ſhould direct the ſhot 
of great guns. But as in this caſe bodies deſcribein their 


motion one of thoſe lines, which in geometry are called 
conic ſections z it is neceſſary here to premiſe a deſcripti- 
on of thoſe lines. In which I ſhall be the more particu- 
lar, becauſe the knowledge of them is not only neceſ- 
fary for the preſent purpoſe, but will be alſo requied 


| hereafter in ſome of the principal parts of this trea- 


tile. „ ps ogy ht | . _ 
77. TRE firſt lines conſidered by the ancient geo- 
meters were the ſtraight line and the circle. Of theſe 
they compoled various figures, of which they demon- 
ſtrated many properties, and reſolved divers problems 
concerning them. "Theſe problems they attempted al- 


ways to-relolve by the deſcribing ſtraight lines and cir- 
cles. For inſtance, let a ſquare AB CD (fig. 61.) be 


propoſed, and let it be required to make another ſquare 
in any aſſigned proportion to this. Prolong one ſide, as 
D A, of this ſquare to E, till A E bear the ſame pro- 
portion to A D, as the new ſquare is to bear to the ſquare 
AC. If the oppoſite {ide B C of the ſquare A C be al- 
ſo prolonged to F, till B F be equal to A E, and E F 


be afterwards drawn, I ſuppoſe my readers will eaſily 


conceive, that the-figure-A BF E will bear to the ſquare 
.ABCD the ſame proportion, as the line A E bears to 
the line A D. Therefore the figure A B F E will be equal 
to the new ſquare, which is to be found, but is not it 
ſelf a ſquare, becauſe the ſide A E is not of the ſame 
length with the ſide EF. But to find a ſquare equal 


to the figure AB F E you muſt proceed thus. Divide 


the line D E into two equal parts in the point G, and 
to the center G with the interval GD delcribe the cir- 
cle DHE I; then prolong the line A B, till it meets 

LO | 85 . the 
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is called a cone, to be the moſt uſeful. 
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the circle in K; and make the ſquare AK L M, which 


ſquare will be equal to the figure AB F E, and bear 


to the ſquare AB C D the ſame proportion, as the line 
AE bears to A D. 9 | 


78. IS UA L. I. not proceed to the proof of this, ha- 
ving only here ſet it down as a ſpecimen of the me- 


thod of reſolving geometrical problems by the deſcrip- 
tion of ſtraight lines and circles. But there are ſome 
problems, which cannot be reſolved by drawing ſtraight 


lines or circles upon a plane. For the management 
therefore of theſe they took into conſideration ſolid fi- 


ures, and of the ſolid figures they found that, which 


. 79. A coNE is thus defined by EucrLi1De in his 
elements of geometry *. If to the ſtraight line AB 


(in fig. 62.) another ſtraight line, as A C, be drawn 
erpendicular, and the two extremities B and C be 


joined by a third ſtraight line compoſing the triangle » 
A CB (for fo every figure is called, which is included 


under three ſtraight lines :) then the two points A and 
B being held fixed, as rwo centers, and the triangle 
ACB being turned round upon the line AB, as on an 


axis; the line A © will deſcribe a circle, and the figure 


ACB will deſcribe a cone, of the form repreſented by 


the figure BCDEF (fig. 63.) in which the circle 
CDEF is uſually called the baſe of the cone, and B 


the vertex. 


_ .. 8. Now by this figure may ſeveral problems be 


reſolved, which cannot by the fimple deſcription of 
ſtraight lines and circles upon a plane. Suppole for in- 


| Nance, it were required to make a cube, which: ſhould 


bear any aſſigned proportion to ſome other cube na- 
med. I need not here inform my readers, that a cube 
is the figure of a dye. This problem was much- ce- 
lebrated among the ancients, and was onee inforced by 
the command of an oracle. Fhis problem may be per- 


| : » Lib. XI, Def. | 7 
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86 Sir ISAAC NEWTON s Book I. 
formed by a cone thus. Firſt make a cone from a tri- 
angle, wh ſe {fide A C ſhall be half the length of the 
fide BC. Then on the plane AB CD (fig. 64.) let 
the line EF be exhibited equal in length to the fide 
of the cube propoſed z and let the line FG be drawn 
perpendicular to E F, and of ſuch a length, that it bear 


the ſame proportion to E F, as the cube to be ſought 


2s required to bear to the cube propoſed. Through 


the points E, F, and G let the circle F HI be deſcri- 


bed. Then let the line EF be prolonged beyond F 
to K, that F K be equal to F E, and let the triangle 
FK ., 


cach other, be hung down perpendicularly from the 


plane ABCD. After. this, let another plane MNOP 


be extended through the point L, fo as to be equidi- 
. ſtant from the former plane ABCD, and in this plane 

let the line QL R be drawn fo, as to be equidiſtant 
from the line EF K: All this being thus prepared, let 

ſuch a cone, as was above directed to be made, be ſo ap- 
plied to the plane MN OP, that it touch this plane upon 
the line QR, and that the vertex of the cone be ap- 
plied to the point L. This cone, by cutting through 
the firſt plane ABCD, will croſs the circle FH! 
before deſcrihed. And if from the point 8, where the 


ſurface of this cone interſects the circle, the line 8 T 


be drawn ſo, as to be equidiſtant from the line EF; 
the line FT will be equal to the ſide of the cube 
ſought : that is, if there be two cubes or dyes formed, 
the {ide of one being equal to EF, and the fide of the 


bother equal to F I'; the former of theſe cubes ſhall 
bear the ſame proportion to the latter, as the line EF 


bears to FG. EY oy 
81. INDEED this placing a cone to cut through 
a plane is not a practicable method of refolying pro- 


blems. But when the geometers had diſcovered this uſe 


of the cone, they applied themſelves to conſider the 
nature of the lines, which will be produced by the in- 
_ rerſection of the ſurface of a cone and a plane; Ro 


having all its ſides FK, K L, LF equal to 


( 
l 
c 
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by they might be enabled both to reduce theſe kinds 


of ſolutions to practice, and alſo to render their demon- 


{trations conciſe and elegant. 5 | 

. 82. WHENEVER the plane, which cuts the cone, 
is equidiſtant from another plane, that touches the cone 
on the ſide; (which is the caſe of the preſent figure;) 
the line, wherein the plane cuts the ſurface of the cone, 
is called a parabola. But if the plane, which cuts the 


cone, be ſo inclined to this other, that it will paſs quite 


through the cone (as in fig. 65.) ſuch a plane by cut- 
ting rhe cone 8 the figure called an ellipſis, in 
which we ſhall hereafter ſhew the earth and other pla- 
nets to move round the ſun. If the plane, which cuts 
the cone, recline the other way (as in fig. 66.) ſo as not 
to be parallel to any plane, whereon the cone can lie, 
nor yet to cut quite through the cone; ſuch a plane 
thall produce in the cone a third kind of line, which 
is called an hyperbola. But it is the firſt of theſe lines 
named the parabola, wherein bodies, that are thrown 
obliquely, will be carried by rhe force of gravity ; as I 
ſhall here proceed to ſhew, after having firſt directed 
my readers how to deſcribe this fort of line upon a 
plane, by which the form of it may be ſeen. = | 
87 To any ſtraight line A B (fig. 67.) let a ſtraight 
ruler C D be ſo applied, as to ſtand againſt it perpen- 
dicularly. Upon the edge of this ruler let another ruler 
E F be fo placed, as to move along upon the edge of 
the firſt ruler CD, and keep always perpendicular to 
it. This being ſo diſpoſed, let any point, as G, be 
taken in the line A B, and let a ſtring equal in length 
to the ruler E F be faſtened by one end to the point 
G, and by the other to the extremity F of the ruler 
EF. Then if the ſtring be held down to the ruler 
E F by a pin H, as is repreſented in the figure; the 
point of this pin, while the ruler EF moves on the 
ruler CD, ſhall deſcribe the line I K L, which will be 
one part of the curve line, whoſe deſcription we were 

here to teach; and by applying the rulers in the like 


N 
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manner on the other ſide of the line AB, we may de- 
{cribe the other part IM of this line. If the diſtance 
CG be cqual to half the line EF in fig. 64, the line 
MILE. wili be that very line, wherein the plane ABCD 
in that figure cuts the cone. | | 
84. THE line AI is called the axis of the parabola 
MIL, and the point G is called the focuss 
87. Now by comparing the effects of gravity up- 
on falling bodies, with what is demonſtrated of this fi- 
gure by the geometers, it is proved, that every bod 
thrown obliquely is carried forward in one of theſe 
lines, the axis whereof is perpendicular to the hori- 
2 n. | . 
886. Tux geometers demonſtrate, that if a line be 
drawn to touch a parabola in any point, as the line 
AB (in fig. 68.) touches the parabola C D, whole 
axis is V Z, in the point E; and ſeveral lines FG, HI, 
K L be drawn parallel to rhe axis of the parabola: then 
the line FG will be to HI ia the duplicate propor- 


tion of EF to EH, and FG to KL in the duplicate 


proportion of EF to E K; likewiſe HI ro KL in 
the duplicate proportion of EH to EK. What is to 
be underſtood by duplicate or two-fold proportion, has 
been already explained. Accordingly I mean here, 
that if the line M be taken to bear the fame propor- 
tion to E H, as EH bears to EF, HI will bear the 
fame proportion to FG, as M bears to EF; and if 
the line N bears the ſame proportion to EK, as E K 
bears to EF, KL will bear the fame proportion to 
FG, as N bears to EF; or if the line O bear the 
ſame proportion E K, as E K bears to EH, K L will 
bear the fame proportion to HI, as O bears to EH. 
87. Tris property is eſſential to the parabola, be- 
ing ſo connected with the nature of the figure, that e- 
very line poſſeſſing this property is to be called by this 
A e | 55 
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88. Now ſuppoſe a body to be thrown from the 
oint A (in fig. 69.) towards B in the direction of the 


ine AB. This body, if left to it ſelf, would move 


on with a uniform motion through this line A B. Sup- 
ole the eye of a ſpectator to be placed at the point C 


juſt under the point A; and let us imagine the earth 


to be ſo put into motion along with the body, as to 
carry the ſpectator's eye along rhe line C D parallel to 
AB; and that the eye ſhould move on with the ſame 


velocity, where with the body would proceed in the 


line A B, if it were to be left to move without any di- 


ſturbance from its gravitat ion towards the earth. In 


this caſe if the body moved on without wg drawn 
towards the earth, it would appear to the ſpectator to 


be at reſt. But if the power of gravity exerted it ſelf 
on the body, it would appear to the ſpectator to fall 


directly down. Suppoſe at the diſtance of time, where- 
in the body by its own progreſſive motion would have 
moved from A to E, it ſhould appear to the ſpectator 
to have fallen through a length equal to E F: then the 


body at the end of this time will actually have arrived 


at the point F. If in the ſpace of time, wherein the 
body would have moved by its progreſſive motion from 
A to G, it would have appeared to the ſpectator to 


have fallen down the ſpace G H: then the body at 
the end of this greater interval of time will be arrived 
at the point H. Now if the line AF HI be that, 
through which the body actually paſſes; from what 

has here been ſaid, it will follow, that this line is one 
of thoſe, which IT have been deſcribing under the name 


of the parabola. For the diſtances EF, G H, through 


which the body is ſeen to fall, will increaſe in the du- 


plicate proportion of the times *; but the lines A E, 
A will be proportional to the times wherein they 
would have been deſcribed by the ſingle progreſſive 


motion of the body : therefore the lines E F, GH 


| „ will 
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will be in rhe duplicate proportion of the lines A F, 
AG; and the line AF H] poſſeſſes the property of 


the parabola. . | | 
89. Ir the carth be not ſuppoſed to move along 
with the body, the caſe will be a little different. For 


the body being conſtantly drawn directly towards the 


center of the earth, the body in its motion will be 
drawn in a direction a little oblique to that, wherein it 
would be drawn by the earth in motion, as before ſup- 
poſed. But the diſtance to the center of the earth 

OUR ſo vaſt a proportion to the greateſt length, to 


| Which we can throw bodies, that this obliquity does 
not merit any regard. From the ſequel of this dif- 


courſe it may indeed be collected, what line the body 
being thrown thus would: be found to deſcribe, allow- 
ance being made for this obliquity of the earth's acti- 
on?. This is the diſcovery of Sir Isaac NE W- 
oN; but has no uſe in this place. Here it is abundant- 
ly ſufficient to conſider the body as moving in a parabola, 


90. TRE line, which a projected body deſcribes, 


being thus known, practical methods have been dedu- 
ced from hence for directing the ſhot of great guns to 


ſtrike any object deſired. This work was firſt attempt - 


ed by Ga L ILE o, and ſoon after farther improved by 
his ſcholar ToRRICELLI; but has lately — ren» 
dred more complete by the great Mr. Cor Es, whoſe 
immature death is an unſpeakable loſs to mathematical 
learning. If it be required to throw a body from the 
point A (in fig. 70.) ſo as to ſtrike the point B; through 
the points A, B draw the ſtraight line C D, and erect 

the line A E perpendicular to the horizon, and of four 
times the height, from which a body muſt fall to ac- 
quire the velocity, where with the body is intendedto 
be thrown. Through the points A and E deſcribe a 
circle, that ſhall touch the line C D in the point A. 
Then from the point B draw the line B F perpendi- 


2 From B. II. ch. 3. 
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cular to the horizon, interſecting the circle in the 


points G and H. This being done, if the body be 


rojected directly towards either of theſe points Gor 
H, it ſhall fall upon the point B; but with this diffe- 


rence, that, if it be thrown in the direction A G, it 


ſhall ſooner arrive at B, than if it were projected in the 
direction AH. When the body is projected in the 


direction A G; the time, it will take up in arriving at 


B, will bear the ſame proportion to the time, wherein 


it would fall down through one fourth part of AE, 
as A G bears to half AE. But when the body is 


thrown in the direction of A H, the time of its paſ- - 
ſing to B will bear the ſame proportion to the time, 


wherein it would fall through one fourth part of A E, 


as AH bears to half A E. oY 
91. Ir the line AI be drawn fo, as to divide th 
angle under E A D in the middle, and the line I K be 


drawn perpendicular to the horizon, this line will 
touch the circle in the point I; and if the body be 
thrown in the direction A I, it will fall upon the point 


KE: and this point K is the fartheſt point in the line 


AD, which the body can be made to ſtrike, without 
increaſing its velocity. | 


92. TAE velocity, wherewith the body every 


where moves, may be found thus. Suppoſe the = 


to move in the parabola AB (fig. 71.) Ere& A 
perpendicular to the horizon, and equal to the height, 


from which a body muſt fall to acquire the velocity, 
wherewith the body ſets out from A. If you take any 
oints as D and E in the parabola, and draw D F and 


G parallel to the horizon; the velocity of the body 


in D will be equal to what a body will acquire in fal- 
ling down by its own weight through CF, and in E 


the velocity will be the ſame, as would be acquired in 
falling through CG. Thus the body moves ſloweſt 


at the higheſt point H of the parabola, and at equal 


neſs, and deſcend from that higheſt point through the 


diſtances from this point will move with equal ſwift- 


line 
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line HB altogether like to the line AH in which it 
aſcended; abating only the reſiſtance of the air, which 
is not here conſidered. If the line HI be drawn from 


the higheſt point H parallel to the horizon, CI will 


be juſt half CA. f 

93. Tus I have recounted the principal diſcove- 
ries, which had heen made concering the motion of 
bodics by Sir IS AAC NEWTON's predeceſſors; all 
theſe diſcoveries, by being found to agree with expe- 
rience, contributing to eſtabliſh the laws of motion, 
from whence they were deduced. I ſhall therefore 
here finiſh, what I had to ſay upon thoſe laws; and 


conclude this chapter with a few words concerning the 


diſtinction, which ought to be made between abſolute 
and relative motion. For ſome have thought fit to con- 
found them together; becauſe they obſerve the laws 


of motion to take place here on the earth, which is in 
motion, after the ſame manner as if it were at reſt. 
But Sir Isaac NEW TON has been careful to diſtin- 


gut between the relative and abſolute conſideration 


ime conſidered in it ſelf paſſes on equably without re- 
lation to any thing external, being the proper mea- 


ſure of the continuance and duration of all things. But 


it is moſt frequently conceived of by us under a relative. 


view to ſome ſucceſſion. in ſenſible things, of which 


we take cognizance. The ſucceſſion of the, thoughts 
in our own minds is that, from whence we receive 
our firſt idea of time, but is a very uncertain meaſure: 
thereof; for the thoughts of ſome men flow on much 


more ſwiftly, than the thoughts of others; nor does 


the ſame perſon think equally quick at all times. The 
motions of the heavenly bodies are more regular; and 
the eminent diviſion of time into night and day, made 


hy the ſun, leads us to meaſure our time by the mo- 


2 Prin, Philoſ, pag. 7, Ce. 


th of motion and time *. The aſtronomers ancient- 
found it neceſſary to make this diſtinction in time. 


tion 
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tion of that luminary: nor do we in the affairs of life 
concern our ſelves with any inequality, which there 
may be in that motion; but the ſpace of time which 
comprehends a day and night is rather ſuppoſed to be 
always the ſame. However aſtronomers anciently found 
theſe ſpaces of time not to be always of the ſame 
length, and have taught how to compute their diffe- 
rences. Now the time, when ſo equated as to be ren- 
dered perfectly equal, is the true meaſure of duration, 
the other not. And therefore this latter, which is ab- 
folutely true time, differs from the other, which is on- 
ly apparent. And as we ordinarily make no diſtirction 
between apparent time, as meaſured by the ſun, and 
the true; ſo we often do not diſtinguiſh in our uſual 
diſcourſe between the real, and the apparent or relative 
motion of bodies; but uſe the ſame words for one, as 
we ſhould for the other. Though all things about us 
are really in motion with the earth; as this motion is 
not viſible, we ſpeak of the motion of every thing we 
ſee, as if our ſelves and the earth ſtood ſtill. And even 
in other caſes, where we diſcern the motion of bodies, 
we often ſpeak of them not in relation to the whole 
motion we fee, but with regard to other bodies, ro 
which they are eontiguous. If any body were lying 
on a table; when that table ſhall be carried along, we 
_ fay the body reſts upon the table, or perhaps ablolute- 
ly, that the body is ar reſt. However philoſophers 
muſt not reject all diſtinction between true and appa- 
rent motions, any more than aſtronomers do the di- 
ſtinction between true and vulgar time; for there is as 
real a difference between them, as will appear by the 
following conſideration. Suppoſe all the bodies of the 
univerſe to have their courſes ſtopped, and reduced to 
perfect reſt. Then ſuppoſe their preſent motions to be 
again reſtored; this cannot be done without an actual 
impreſſion made upon ſome of them at leaſt. If any of 
them be left untouched, they will retain their former 
ſtate, that is, ſtill remain at reſt; but the other 8 
| whic 
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which are wrought upon, will have changed their for- 
mer ſtate of reſt, for the contrary ſtate of motion. Let 
us now ſuppoſe the bodies left at reft ro be annihilated, 
this will make no alteration in the ſtate of the moving 
bodies; but the effect of theumpreſiion, which was 


made upon them, will ſtill ſubſiſt. This ſhews the 


motion they received to be an abſolute thing, and to 


have no neceſſary dependence upon the relation which 


the body ſaid to be in motion has to any other body *. 


94. BERSI D Es abſolute and relative motion are di- 


ſtinguiſhable by theit effects. One effect of motion is, 
that bodies, when moved round any center or axis, ac- 
quire a certain power, by which they forcibly preſs. 
themſelves from that center or axis of motion. As when 
a body is whirled about in a ſling, the body preſſes againſt 
the ſling, and is ready to fly out as ſoon as liberty is gi- 


ven it. And this power is proportional :; the true, 
not relative motion of the body round ſuch a center or 
axis. Of this Sir Is AA NEwron gives the fol- 


lowing inſtance *. If a pail or ſuch like veſſel near full 
of water be ſuſpended by a ſtring of ſufficient length, and 
be turned about till the ſtring be hard twiſted. If then 
as ſoon as the veſſel and water in it are become ſtill and 
at reſt, the veſſel be nimbly turned about the contrary 


way the ſtring was twiſted, the veſſel by the ſtrings 


untwiſting it {elf ſhall continue its motion a long time. 


And when the veſſel firſt begins to turn, the water in 


it ſhall receive little or nothing of the motion of the 
veſſel, but by degrees ſhall receive a communication 
of motion, till at laſt it ſhall move round as ſwiftly as 
the veſſel it ſelf. Now the definition of motion, which 
Des CAR r Es has given us upon this principle of 
making all motion meerly relative, is this: that motion, 


is a removal of any body from its vicinity to other bo- 
dies, which were in immediate contact with it, and 


* See Newton princ. philoſ, pag. 9. lin. 309. 
b Ibid, pag. 10, | | | 
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are conſidered as at reſt *, And if this be compared with (4 
what he ſoon after ſays, that there is nothing real or f 
poſitive in the body moved, for the ſake of which we 
aſcribe motion to it, which is not to be found as well 
in the contiguous bodies, which are conſidered as at 
reſt®; it will follow from thence, that we may conſi- 
der the veſſel as at reſt and the water as moving in it: | 
and the water in reſpect of the veſſel has the greateſt 
motion, when the veſſel firſt begins to turn, and loſes | 
this relative motion more and more, till at length it 1 
quite ceaſes. But now, when the veſſel firſt begins to 1 
turn, the ſurface of the water remains ſmooth and flat, 
as before the veſſel began to move; but as the motion 
of the veſſel communicates by degrees motion to the 
water, the ſurface of the water will be obſerved to 
change, the water ſubſiding in the middle and riſing at 
the edges: which elevation of the water is cauſed by the 
parts of it preſſing from the axis, they move about; and 
therefore this force of receding from the axis of moti- 
on depends not upon the relative motion of the watet 
within the veſſel, but on its abſolute motion; for it is 
leaſt, when that · relative motion is greateſt, and grea- 
fs when that relative motion is leaſt, or none at 
of. Tu us the true cauſe of what appears in the 
ſurface of this water cannot be aſſigned, without con- 
ſidering the water's motion within the veſſel. So alſo 
in the ſyſtem of the world, in order to find out the 
cauſe of the planetary motions, we muſt know more 
of the real motions, which belong to each planet, f 
than is abſolutely neceſſary for the uſes of aſtrono- "i 
my. If the aſtronomer ſhould ſuppoſe the earth to ) 
ſtand ſtill, he could aſcribe ſuch motions to the celeſti- 
al bodies, as ſhould anſwer all the appearances; though 
he would not account for chem in ſo ſimple a manner, 


« Renat. Des Cart, Princ, Philof, Part II. $ 25. 
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as by attributing motion to the earth. But the motion 
of the earth muſt of neceſſity be conſidered, before the 


real cauſes, which actuate rhe planetary ſyſtem, can be 
diſcovered. 1 : + 


Car. III. 


E have juſt been deſcribing in the preceding | 


chapter the effects produced on a body in 
motion, from its being continually acted up- 
on by a power always equal in ſtrength, and operating 


in parallel directions. But bodies may be acted upon 


by powers, which in different places ſhall have different 


degrees of force, and whoſe ſeveral directions ſhall be 
variouſly inclined to each other. The moſt ſimple of 
theſe in reſpect to direction is, when the power is poin- 
ted conſtantly to one center. This is truly the caſe of 


that power, whoſe effects we deſcribed in the foregoing 
chapter; though the center of that power is ſo far re- 
moved, that the ſubject then before us is moſt conveni- 
ently to be conſidered in the light, wherein we have 
placed it: But Sir IS AAC NEW TO N has conſidered 


very particularly this other caſe of powers, which are 
conſtantly directed to the ſame center. It is upon this 
foundation, that all his diſcoveries in the ſyſtem of the 
world are raiſed. And therefore, as this ſubject bears 


ſo. very great a ſhare in the philoſophy, of which I am 


diſcourſing, I think it proper in this place to take a a 


ſhort view of ſome of the general effects of theſe pow- 
ers, before we come to apply them particularly to the 
ſyſtem of the world. e n 
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2. THESE powers or forces are by Sir IS AAC 
NREwT oN called centripetal; and their firſt effect is 


to cauſe the body, on which they a&, to quit the 
ſtraight courſe, wherein it would proceed if undiſtur- 
bed, and to deſcribe an incurvated line, which ſhall al- 
ways be bent towards the center of the force. It is 
not neceſſary, that ſuch a power ſhould cauſe the body 


to approach that center. 'The body may continue to re- 


cede from the center of the power, notwithſtandin 
its being drawn by the power; but this property mu 


always belong-to its motion, that the line, in which it 


moves, will continually be concave towards the cen- 
ter, to which the power is directed. Suppoſe A (in 


fig. 72.) to be the center of a force. Ler a body in B 
be moving in the direction of the ſtraight line B C, in 


which line it would continue to move, if undiſturbed ; 
bur being attracted by the centriperal force towards A, 
the body muſt neceſſarily depart from this line B C, 


and being drawn into the curve line B D, muſt paſs be- 


tween the lines AB and B C. It is evident therefore, 


that the body in B being gradually turned off from the 
ſtraight line B C, it will at firſt be convex toward the 


line B C, and conſequently concave towards the point 
A: for theſe centripetal powers are ſuppoſed to be in 


ſtrength proportional to the power of gravity, and, like. 
that, not to be able after the manner of an impulſe to 
turn the body ſenſibly out of its courſe into a different 


one in an inſtant, but to take up ſome ſpace of time 


in producing a viſible effect. That the curve will al- 


ways continue to have its concavity towards A may 
thus appear. In the line B C near to B take any point 


as E, from which the line EF G may be ſo drawn, as 


to touch the curve line BD in ſome point as F. Now 


when the body is come to F, if the centripetal power 
were immediately to be ſuſpended, the body would no 
longer continue to move in a curve line, but being left 
to it ſelf would forthwith reaſſume a ſtraight courſe; 


and that ſtraight courſe would be in the line FG: for 
„„ — that 
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that line is in the direction of the body's motion at the 
point F. But the centripetal force continuing its ener- 


gy, the body will be gradually drawn from this line 


FG ſo as to keep in the line FD, and make that line 


near the point F to be convex toward F G, and concave 
toward A. After the ſame manner the body may be 


followed on in its courſe through the line BD, and eve- 


ry part of that line be ſhewn to be concave toward the 


= | 
3. TuIs thenis the conſtant character belonging to 
thoſe motions, which are carried on by centripetal for- 


ces; that the line, wherein the body moves, is through- 


out concave towards the center of the force. In reſpect 


to the ſucceſſive diſtances of the body from the center 


there is no general rule to be laid down; for the di- 
ſtance of the body from the center may either - increaſe, 


or decreaſe, or even keep always the ſame. The point 
A (in fig. 73.) being the center of a centripetal force, 


let a body at B ſer out in the direction of the ſtraight 


line BC perpendicular to the line A B drawn from A 


to B. It will be eaſily conceived, that there is no other 
point in the line BC ſo near to A, as the point B; 
that A B is the ſhorteſt of all the lines, which can be 
drawn from A to any part of the line BC; all other 
lines, as A D, or AE, drawn from A to the line B C 
being longer than AB. Hence it follows, that the 
body ſetting out from B, if it moved in the line B C, 
it would recede more and more from the point A. Now 
as the operation of a centripetal force is to draw a body 
towards the center of the force: if ſuch a force act up- 


ona reſting body, it muſt neceſſarily put that body ſo 
into motion, as to cauſe it to move towards the center 
of the force: if the body were of it {elf moving to- 
wards that center, the centripetal force would accele- 


rate that motion, and cauſe it to move faſter down : but 


if the body were in ſuch a motion, as being left to it 


ſelf it would recede from this center, it is not neceſſa- 


ry, that the action of a centripetal power upon it ſhould 
l AY 4 c . £ } . 
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immediate! compel the body to approach the center, 


from which it would otherwiſe have receded; the cen- 
tripetal power is not without effect, if it cauſe the bo- 


dy to recede more ſlowly from that center, than other- 
wiſe it would have done. Thus in the caſe before us, 


the ſmalleſt centripetal power, if it act on the body, 
will force it out of the line BC, and cauſe it to pals 
in a bent line between B C and the point A, as has been 


before explained. When the body, for inſtance, has 


advanced to the line A D, the effect of the centripetal 
force diſcovers it ſelf by having removed the body out 
of the line BC, and brought it to croſs the line A D 


ſomewhere between A and D: ſuppole at F. Now 
AD being longer than AB, AF may alſo be longer 
than AB. The centripetal power may indeed be ſo 

| ſtrong, that A F ſhall be ſhorcer than AB; or it may 
be fo evenly balanced with the progreſſive motion of 


the body, that AF and A B ſhall be juſt equal: and 
in this laſt caſe, when the centripetal force is of that 
ſtrength, as conſtantly to draw the body as much toward 


the center, as the progreſſive motion would carry it off, 


the body will deſcribe a circle about the center A, 


this center of the force being alſo the center of the 


circle. R: 


! 


4. IF the body, inſtead of ſetting out in the line 
B C perpendicular to A B, had ſer our in another line 
'BG more inclined towards the line AB, moving in the 
curve line BH; then as the body, if it were to con- 
tinue its motion in the line BG, would for ſome time 
approach the center A; the centripetal force would 
cauſe it to make greater advances toward that center. 


But if the body were to ſet out in the line BI recli- 


ned the other way from the perpendicular BC, and 
were to be drawn by the centripetal force into the curve 
line B K; the body, notwithſtanding any centripetal 
force, would for ſome time recede from the center; 
ſince ſome part at leaſt of the curve line B K lies be- 
tween the line B I and the perpendicular B C. f 
Sh. 1 Ha „ 
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7. T Hus far we have explained ſuch effects, as 


attend every centripetal force. But as theſe forces may 


be very different in regard to the different degrees of 
ſtrength, where with they act upon bodies in different 


places; I ſhall now proceed to make mention in gene- 


ral of ſome of the differences attending theſe centripe- 


tal motions. 


6. To reaſſume the conſideration of the laſt menti- 


oned caſe. Suppoſe a centripetal power directed toward 


the point A (in fig. 74.) to act on a body in B, which 
is moving in the direction of the ſtraight line B C, the 


line BC reclining off from A B. If from A the ſtraight 


lines AD, AE, AF are drawn at pleaſure to the line 


CB; the line CB being prolonged beyond B to G, it 
appears that AD is inclined to the line G C more ob- 


liquely, than A B is inclined to it, AE is inclined 
more obliquely than A D, and A E more than AE. To 
ſpeak more correctly, the angle under A D G is leſs than 
that under A B G, the angle under A E G leſs than that 
under A D G, and the angle under A F G leſs than that 


under AE G. Now ſuppoſe the body to move in the 


curve line BH IK. Then it is here likewiſe evident, 
that the line BH K being concave towards A, and 


convex towards the line BC, it is more and more 


turned off from the line BC; ſo that in the point H 
the line A H will be leſs obliquely inclined to the curve 


line B HI K, than the fame line AH D is inclined'to 


BC at the point D; at the point I the inclination of 


the line Al ro the curve line will be more different 
from the inclination of the fame line ATE to the line 
B C, at the point E; and in the points K and F the 
difference of inclination will be ſtill greater; and in both 
the inclination at the curve will be leſs oblique, than at 
the ſtraight line B C. But the ſtraight line A B is leſs 
obliquely.inclincd ro B G, than AD is inclined towards 
D:: therefore although the line A H be leſs oblique- 
ly inclined towards the curve H B, than the ſame line 


the 
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the inclination at H may be more oblique, than the 


| inclination at B. The inclination at H may indeed be 


leſs oblique than the other, or they may be both the 
ſame. This depends upon the degree of ſtrength, where- 
with the centripetal force exerts it ſelf, during the paſ- 


ſage of the body from B ro H. After the fame man- 


ner the inclinations at I and K depend entirely on the 
degree of ſtrength, where with the centripetal force acts 
on the body in its paſſage from H to K: if the cen- 
tripetal force be weak enough, the lines A H and AI 


drawn from the center A to the body at H and at I 


ſhall be more obliquely inclined to the curve, than the 
line A B is inclined towards BG. The centriperal 
force may be of chat ſtrength as to render all theſe in- 
clinations equal, or if ſtronger, the inclinations ar I and 


K will be leſs oblique than at B. Sir IS AAC NE W/ 


ToN has particularly ſhewn, that if the centripetal 


power decreaſes after a certain manner with the increaſe 
of diſtance, a body may deſcribe ſuch a curve line, that 


all the lines drawn from the center to the body ſhall be 


equally inclined to that curve line *. But I do not here 


enter into any particulars, my. preſent intention being 
only to ſhew, that it is poſſible for a body to be acted 


upon by a force continually drawing it down towards a 


center, and yet that the body ſhall continue to recede 
from that center; for here as long as the lines A H, 
AT, &c drawn from the center A to the body do not 


become leſs oblique to the curve, in which the body 


moves; ſo long ſhall thoſe lines perpetually increaſe, and 
conſequently the body ſhall more and more recede from 
the center. „ 


7. Bur we may obſerve farther, that if the centri= 


petal power, while the body increaſes its diftance from 
the center, retain ſufficient ſtrength to make the lines 
drawn from the center to the body to become at length 
leſs oblique to the curve; then if this diminution of the 


2 Princip. Philof. Lib. I. prop. 9. 1 
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obliquity continue, till at laſt the line drawn. from the 
center to the body ſhall ceaſe to be obliquely inclined 


to the curve, and ſhall become perpendicular thereto 
from this inſtant the body ſhall no longer recede from 


the center, bur in its following motion it ſhall again 


deſcend, and ſhall deſcribe a curve line in all reſpects like 
to that, which it has deſcribed already; provided the 
centripetal power, every where at the ſame diſtance from 
the center, acts with the ſame ſtrength. So we obſer- 


ved in the preceding chapter, that, when the motion 


of a projectile became parallel to the horizon, the pro- 
jectile no longer aſcended, but forthwith directed its 


courſe downwards, deſcending in a line altogether like 


that, wherein it had before aſcended *, _ Fane 
8. Tr1s return of the body may be proved by the 


following propoſition : that if the body in any place, 


ſuppoſe ar I, were to be ſtopr, and be thrown direct ly 
backward with the velocity, wherewith it was moving 
forward in that point I; then the body, by the action 
of the centripetal force upon it, would move back again 
over the path IH B, in which it had before advanced 
forward, and would arrive again at the point B in the 
ſame ſpace of time, as was taken up in its paſſage from 
Bro I; 3 of the body at its return to the 
point B being the ſame, as that where with it firſt ſet 

out from that point. To give a full demonſtration of 
this propoſition, would require that uſe of mathema- 
tics, which I here purpoſe to avoid; but, I believe, it 


will appear in great meaſure evident from the follow- 


ing conſiderations. _ pd's 
9. SvpyosE (in fig. 75.) that a body were carried 
after the following manner through the bent figure 


ABC DET, compoſed of the ſtraight lines AB, BC, 
CD, DE, EF. Firſt let it be moving in the line AB, from 


A towards B, with any uniform velocity. At B let the body 
rcceiye an impulſe directed towards ſome point, as G, 


*$ 92. 


taken 
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taken within the concavity of the figure. Now where- 


as this body, when once moving in the ſtraight line 
AB, will continue to move on in this line, fo long as 
it ſhall be left to it ſelf; but being diſturbed at the 


point B in its motion by the impulſe, which there acts 
upon it, it will be turned out of this line A B into 
ſome other ſtraight line, wherein it will aſterwards 


continue to move, as long as it ſhall be left to itſelf. 
Therefore let this impulle have ſtrength ſufficient to 
turn the body into the line B C. Then let the body 


move on undiſturbed from B to C, but at C let it re- 


ceive another impulſe pointed toward the ſame point 
G, and of ſufficient ſtrength to turn the body into the 


line CD. At D let a third impulſe, directed like the 


reſt to the point G, turn the body into the line DE. 
And at E let another impulſe, directed likewiſe to the 
point G, turn the body into the line EF. Now, I 
ſay, if the body while moving in the line EF be 


ſtopt, and turned back again in this line with the 
ſame velocity, as that wherewith it was moving for- 


ward in this line; then by the repitition of the for- 
mer impulſe at E the body will be turned into the 


line E D, and move in it from E to D with the 


ſame velocity as before it moved with from D to E; 


by the repetition of the impulſe at D, when the body 
ſhall have returned to that point, it will be turned in- 
to the line DC; and by the repetition of the other 


impulſes at C and B the body will be brought hack a- 
gain into the line B A, with the velocity, where with 
it firſt moved in that line. 8 | 54 

10. Tx 1s I prove as follows. Let DE and FE 


be continued beyond E. In DE thus continued take 


at pleaſure the length EH, and let HI be fo drawn, 
as to be equidiſtant from the line GE. Then, by what 
has been written upon the ſecond law of motion !, it 


follows, that after the impulſe on the body in E it will 
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move through EI in the ſame time, as it would have 
imployed in moving from E. to H, with the velocity 
which it had in the line DE, In FE prolonged take 
EK equal to E I, and draw K L equidiſtant from G E. 
Then, becauſe the body is thrown back in the line 
FE with the fame velocity as that wherewith it went 
forward in that line; if, when the body was returned 
to E, it were permitted to go ſtraight on, it would 
paſs through E K in the ſame time, as it took up in 
paſſing through E I, when it went forward in the line 
EF. But, if at the body's return to the point E, ſuch 
an impulſe directed toward the point D were to be 
iven it, whereby it ſhould be turned into the line 
DE 3 I ay, that the impulſe neceſſary to produce this 
effect muſt be equal to that, which turned the body 
out of the line DE into E F; and that the velocity, 
with which the body will return into the line ED, 
is the ſame, as that wherewith it before moved through 
this line from D to E. Becauſe E K is equal to EI, 
and K L and HI, being each equidiſtant from GE, 
are by conſequence equidiſtant from each other; it 
follows, that the two triangular figures IE H and 
ꝑKE L are altogether like and equal to each other. If 
I were writing to mathematicians, I might refer them 
to ſome propoſitions in the elements of ELI for 
the proof of this“: but as I do not here addreſs 
my ſelf to ſuch, ſo I think this aſſertion will be evi- 
dent enough without a proof in form; at leaſt I mult 
deſire my readers to receive it as a propoſition true in 
geometry. But theſe two triangular figures being alto 
gether like each other and equal; as E K is equal to 
EI, fo EL is equal to E H, and K L equal to HI. 
Now the body after its return to E being turned out 
of the line FE into ED by an impulſe acting upon 
it in E, after the manner above expreſſed; the body 
will receive ſuch a velocity by this impulſe, as will care 


* 


* Viz L. I. prop. 30, 29, & 26. 
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ry it through E L in the ſame time, as it would have 
imployed in paſſing through E K, if it had gone on in 
that line undiſturbed. And it has already been obſer- 
ved, that the time, in which the body would paſs o- 
ver EK with the velocity where with ir returns, is equal 
to the time it took up in going forward from E to I; 
that is, equal to the time, in which it would have gone 
— EH with the velocity, whcrewith it moved 
from D to E. Therefore the time, in which the bo- 
dy will paſs through E L after its return into the line 
ED, is the fame, as would have been taken up by the 
body in paſſing through E H with the velocity, where- | 
with the body firſt moved in the line D E. Since there- : 
fore EL and EH are equal, the body returns into 1 
the line DE with the velocity, which it had before 4 
in that line. N 1 fay, the ſecond impulſe in Eis 
| equal to the firſt. By what has been ſaid on the ſe= 0 | 
cond law of motion concerning the effect of oblique im- 
- pulſes *, it will be underſtood, that the impulſe in E, 
whereby the body was turned our of the line DE in- 
to the line E F, is of ſuch 3 that if the body 
had been at reſt, when this impulſe had acted upon it, 
this impulſe would have communicated ſo much mo- 
tion to the body, as would have carried it through a 
length equal ro HT, in the time wherein the body 
would have paſſed from E to H, or in the time where- 
in it paſſed from Eto I. In the ſame manner, on the 
return of the body, the impulſe in E, whereby the bo- 
dy is turned out of the line FE into E D, is of ſuch 
ſtrength, that if it had acted on the body at reſt, it 
would have cauſed the body to move through a length 
equal to K L, in the ſame time, as the body would im- 
plboy in paſſing through E K with the velocity, where- 
75 with it returns in the line FE. Therefore the ſe- 
| cond impulſe, had it acted on the body at reſt, would 
have cauſed it to move through a length equal to K L 
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in the ſame ſpace of time, as would be taken up by — 


body in paſſing through a length equal to H I, we 
the firſt impulſe to act on the body when at reſt. That 
z,, the effects of the firſt and ſecond impulſe on the 
body when at reſt would be the ſame; for K L and 
HI are equal: conſequently the ſecond impulſe is equal 
. t en 
11. Tus if the body be returned through F E 
with the velocity, where with it moved forward; we 
have ſhewn how by the repetition of the impulſe, 
which acted on it at E, the body will return again in- 
to the line DE with the velocity, which it had before 
in that line. By the fame proceſs of reaſoning it may 
be proved, that, when the body is returned back to D, 
the impulſe, which before acted on the body at that 
point, will throw the body into the line D.C with the 
velocity, which it firſt had in that line; and the other 
impulſes being ſucceſſively repeated, the body will at 


length be brought back again into the line B A with 


the velocity, wherewith it ſet out in that line. 

12. TH us theſe impulſes, by acting over again in 
an inverted order all their operation on the body, bring 
it back again through the path, in which it had pro- 
ceeded forward. And this obtains equally, whatever be 
the number of the ſtraight lines, whereof this curve fi- 
gure is compoſed. Now by a method of reaſoning, 
which Sir IS AAC N EWTON makes great uſe of, 


and which he introduced into geometry, thereby 


greatly inriching that ſcience“; we might make a 
tranſition from this figure compoſed of a number of 


ſtraight lines to a figure of one continued curvature, 
and from a number of ſeparate impulſes repeated at di- 


ſtinct intervals to a continual centripetal force, and ſhew, 
that, becauſe what has been here advanced holds uni- 
verſally true, whatever be the number of ſtraight lines, 


whereof the curve figure A CF is compoſed, and how- 


2 viz, His doctrine of prime and ultimate ratios, 
ſoever 


| ſgever frequently the impulſes at the angles of this fi- 
gure are repeated; therefore the ſame will ſtill remain 
true, although this figure ſnould be converted into one 


of a continued curvature, and theſe diſtindt impulſes 
ſhould be changed into a continual centripetal force. 


But as the explaining this method of reaſoning is foreign 
to my preſent deſign; fo I hope wy readers, after what 


has been ſaid, will find no difficulty in receiving the 


ropoſition laid down above: that, if the body, which 


as moved through the curve line BH (in fig. 74.) 


from B to I, when it is come to I, be thrown directly 
back with the ſame velocity as that, wherewith it pro- 
ceeded forward, the centripetal force, by acting over 
again all its operation on the body, ſhall bring the body 


back again in the line IHB; and as the motion of 


the body in its courſe from B to I was every where in 
ſuch.a manner oblique to the line drawn from the cen- 
ter to the body, that the centriperal power acted in 
ſome degree againſt the body's motion, and gradually di- 
miniſhed it; ſo in the return of the body, the centripetal 
power will every where draw the body forward, and 
accelerate its motion by the ſame degrees, as before it 
retarded it. | 


13. Tris being agreed, ſuppoſe the body in K to 


have the line AK no longer obliquely inclined to its 
motion. In this caſc, if the body be turned back, in 
the manner we have been conſidering, it muſt be di- 
rected back perpendicularly to A K. But if it had pro- 
cCeeded forward, it would likewiſe have moved in a di- 
rection perpendicular to A K; conſequently, whether 
it move from this point K back ward or forward, it muſt 
deſcribe the ſame kind of courſe. Therefore ſince by 
being turned back it will go over again the line K IH B; 
if it be permitted to go forward, the line K L, which 
it ſhall 4 
EEE TE re 
14. IN like manner we may determine the nature 
of the motion, if the line, wherein the body ſets out, 
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eſcribe, will be altogether ſimilar to the line 


108 Six TS AAC NEWTON s Book I. 
be inclined (as in fig. 76.) down toward the line B A 
drawn between the body and the center. If the cen- 
tripetal power ſo much increaſes in ſtrength, as the 
body approaches, that it can bend the path, in which 
the body moves, to that degree, as to cauſe all the lines 
as AH, AI, AK to remain no leſs oblique to the 

motion of the body, than A B is oblique to BC; the 
body ſhall continually more and more approach the cen- 
ter. But if the centripetal power increaſes in ſo much 
| leſs a degree, as to permit the line drawn from the 
center to the body, as it accompanies the body in its 
motion, at length to become more and more erect to 
the curve wherein the body moves, and in the end, 
ſuppoſe at K, to become perpendicular thereto ; from 
that time the body ſhall riſe again. This is evident from 
what has been ſaid above; becauſe for the very ſame 
reaſon here alſo the body ſhall proceed from the point 
K to deſcribe a line altogether ſimilar to the line, in 
which it has moved from B to K. Thus, as it was 
obſerved of the pendulum in the preceding chapter, 
that all the time it approaches towards being perpen- 
dicular to the horizon, it more and more deſcends; 
but, as ſoon as it is come into that perpendicular 
ſituation, it immediately riſes again by the fame de- 
grees, as it deſcended by before: ſo here the bod 
more and more approaches the center all the time it is 
moving from B to K; but thence forward it riſes from 
the center again by the ſame degrees, as it approached 
by before. e ee 1 


I. Ir (in fig. 77.) the line BC be perpendicular 
to AB; an is tits * obſerved Soils de chit the 
centripetal power may be fo balanced with the progreſ- 
ſive motion of the body, that the body may keep mo- 
ving round the center A conſtantly at the ſame diſtance ; 
as a body does, when whirled about any point, to 

which it is tyed by a ſtring. If the centripal power. 


$3 | be 


— 
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be too weak to produce this effect, the motion of the 
body will preſently become oblique to the line drawn 
from itſelf to the center, after the manner of the firſt 
of the two caſes, which we have been conſidering. If 
the centripetal power be ſtronger, than what is requi- 
red to carry the body in a circle, the motion of the 
body will preſently fall in with the ſecond of the ca- 
ſes, we have been conſidering. 
16. Ir the centripetal power ſo change with the 


change of diſtance, that the body, after its motion has 


become oblique to the line drawn from itſelf to the 
center, ſhall again become perpendicular thereto z 
which we haye ſhewn to be poſſible in both the ca- 
ſes treated of above; then the body ſhall in its ſubſe- 

uent motion return again to the diſtance of A B, and 
Goth that diſtance take a courle ſimilar ro the former : 
and thus, if the body move in a ſpace free from all re- 
ſiſtance, which has been here all along ſuppoſed ; it 
ſhall continue in a perpetual motion about the center, 
deſcending and aſcending alternately therefrom. If the 
body ſetting out from B (in fig. 78.) in the line BC 
perpendicular to A B, deſcribe the line BDE, which 
in D ſhall be oblique to the line AD, but in E ſhall 
again become erect to AE drawn from the body in E to 
the center A; then from this point E the body ſhall 


deſcribe the line EFG altogether like to the line 


BDE, and at G ſhall be at the ſame diſtance from A, 
as it was at B. But likewiſe the line A G ſhall be e- 


rect to the body's motion. Therefore the body ſhall. 
proceed to. deſcribe from G the line G HI altogether 


ſimilar to the line G FE, and at I have the fame di- 


ſtance from the center, as it had at E and alſo have 


the line AI erect to its motion: ſo that its following 
motion muſt be in the line IK L ſimilar to TH G, and 
the diſtance A L equal to A G. Thus the body will 


- 50 on in a perpetual round without ceaſing, alternate- 


Iy inlarging and contracting its diſtance from the cen- 
. 


17. If 
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ſame 
that centripetal power, which will hereafter be ſhewn 


e 


towards the center of the force. 


gure ABCD E (in fig. 81.) which is compoſed of 
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17. Ir it fo happen, that the point E fall upon the 


line B A, continued beyond A; then the point G will 


fall on B, I on E, and L alſo on B; ſo that the body 
will deſcribe in this caſe a ſimple curve line round tlie 
center A, like the line BD EF in fig. 79, in which it 
will continually revolve from B to E and from E to 
B without end. 3 5 
18. Ir AE (in fig. 78.) ſhould happen to be perpen- 
dicular to A B, in this caſe alſo a ſimple line will be 
deſcribed ; for the point G will fall on the line B A 
prolonged beyond A, the 'point I on the line A E 
prolonged beyond A, and the point Ion B: fo that 
the body will deſcribe a line like rhe curve line BEGI 
in fig. 80, in which the oppoſite points B and G are 
equally diſtant from A, and the oppoſite points E and I 
are alſo equally diſtant from the fame point A. | 
T9. IN other caſes the line deſcribed will have a more 


complex figure. 


20 THUs we have endeavoured to ſhew how a + 
body, while it is conſtantly attracted towards a center, 
may notwithſtanding by its progreſſive motion keep it 
{elf from falling down to that center; bur deſcribe about 
It an endleſs circuit, ſometimes approaching toward that 


center, and at other times as much receding from the ſame. 


21. Bur here we have ſuppoſed, that the centri- 
petal e is of equal ſtrength every where at the 
iſtance from the center. And this is the caſe of 


to be the cauſe, that keeps the planets in their cour- 


ſes. But a body may be kept on in a perpetual cir- 
Cauit round a center, although the centripetal power 


have not this property. Indeed a body may by a cen- 


tripetal force be kept moving in any curve line what- 


ever, that ſhall have its concavity turned every where 


x 


22. To make this evident I ſhall firſt propoſe the 
caſe of a body moving through) the incurvated fi- 
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- the ſtraight lines AB, BC, CD, DE, and EA; the 
motion being carried on in the following manner. 
Ler the body firſt move in the line AB with any uni- 


form velocity. When it is arrived at the point B, let 


it receive an impulſe directed toward any point F taken 
within the figure; and let the impulſe be of that 
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ſtrength as to turn the body out of the line AB into 
the line BC. The body after this impulſe, while left 


to itſelf, will continue moving in the line BC. Ar 


C let the body receive another impulſe directed to- 
wards the fame point F, of ſuch ſtrength, as to turn 
the body from the line BC into the line CD. ArD 
let the body by another impulſe, directed likewiſe to 
the point F, be turned out of the line C D into D E. 


And at E let another impulſe, directed toward the point 


F, turn the body from the line DE into E A. Thus 
we ſee how a body may be carried through the figure 


ABCDE by certain impulſes directed always to- 
ward the ſame center, only by their acting on the bo- 
dy at proper intervals, and with due degrees of ſtrength. 


23. Bur farther, when the body is come to the 
57 A, if it there receive another impulſe directed 
'Iike the reſt toward the point F, and of ſuch a degree 
of ſtrength as to turn the body into the line A B, 
wherein it firſt moved; I ſay that the body ſhall re- 


turn into this line with the ſame velocity, as it had at 


firſt 


24. LET AB be prolonged beyond B at pleaſure, 


ſuppoſe to G; and from G let & H be drawn, which 
if produced ſhould always continue equidiſtant from 


BF, or, according to the more uſual phraſe, let G H 
be drawn parallel to B F. Then it appears, from what 
has been ſaid upon the ſecond law of motion *, that in 
the time, wherein the body would: have moved from 
B to G, had it not received a new impulſe in B, by 
the means of that impulſe it will have acquired a velo- 
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city, which will carry it from B to H. After the ſame 
manner, if CI be taken equal to BH, and I K be 
drawn equidiſtant from or parallel to CF; the bo- 
dy will have moved from C to K with the velocity, 
which it has in the line CD, in the ſame time, as it 
would have employed in moving from C to I with the 
velocity, it had in the line BC. Therefore ſince C I 
and B H are equal, the body will move through C K 
in the ſame time, as it would have taken up in moving 
from B to G with the original velocity, wherewith it 
moved through the line AB. Again, D L being ta- 
ken equal ro CK, and LM drawn parallel to D F; 
for the ſame reaſon as before the body will move through 
DM with the velocity, which it has in the line D E, 
in the ſame time, as it would imploy in moving through 
BG with its original velocity. In the laſt place, if 
E N be taken equal to D M, and NO be drawn paral- 
ll ro EF; likewiſe if AP be taken equal to E O, 
and PQ be drawn parallel to AF: then the body with 
the velocity, wherewith it returns into the line AB, 
will paſs through A Q in the fame time, as it would 
have imployed in paſſing chrough B G with its origi- . 
nal velocity. Now as all this follows directly from 
what has above been delivered, concerning the effect of 
oblique impulſes impreſſed upon bodies in motion; fo 
we mult here obſerve farther, that it can be proved by 
geometry, that A Q will always be equal to B G. The 
proof of this I am obliged, from the nature of my 
preſent deſign, to omit; but this geometrical propoſi- 
tion being granted, it follows, that the body has re- 
turned into the line A B with the velocity, which it 
had, when it firſt moved in that line; for the velocity, 
with which it returns into the line A B, will carry it o- 
ver the line A Qin the ſame time, as would have been 
taken up in its paſſing over an equal line B G with the 
original velocity. | 55 95 
25. Thus we have found, how a body may be 
carried round the figure ABCD E by the action of 
| " Be | | Certain 


of the fi 
fore by the method of reaſoning referred to above * we 
are to conclude, that what: has here been faid upon this 


——— 
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certain impulſes upon it, which ſhould all be pointed to- 
ward one center. And we likewiſe ſee, that when the 
body is brought back again to the point, whence it 


firſt ſer out; if it there meet with an impulſe ſufficient 


to turn it again into the line, wherein it moved at firſt, 
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its original velocity will be _ reſtored z and by the 
CS 


reperition' of the ſame impulſes, the body will be carri- 
ed again in the ſame round. Therefore if theſe impulſes, 
which act on the body at the points B, C, D, E, and A, 


continue always the ſame, the body will make round 
this figure innumerable revolutions. 


26. T NE proof, which we have here made uſe of, 
holds the ſame in any number of ſtraight lines, where- 
gure AB D ſhould be compoſed; and there- 


relictinear figure, will remain true, if this figure were 


changed into one of a continued curvature, and inſtead 


of diſtinct impulſes acting by intervals at the angles of 


this figure, we had a continual centripetal force. We: 


Have therefore ſhewn, that a body may be carried. round 
in any curve figure AB C (fig. 82.) which ſhall every 


where be concave towards any one point as D, by the 


continual action of a centripetal power directed to that 
point, and when it is returned to the point, from 
whence it ſet out, it ſhall recover again the velocity, 
with which it departed from that point. It is not in- 
deed always neceſſary, that it ſhould return again into 
its firſt courſe; for the curve line may have ſome ſuch 
figure as the line AB CD B E in fig. 83. In this curve 


line, if the body ſer out from B in the direction B F, 
and moved through the line B CD, till it returned to 


B; here the body would not enter again into the line 


B CD, becauſe the two parts B D and B C of the curve 
line make an angle at the point B: ſo that the centri- 


etal power, which at the point B could turn the body 


from the line B F into the curve, will not be able to 
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turn the body into the line B C from. the direction, in 
which it returns to the point B; a forceable impulſe muſt 


be given the body in the point B to produce that effect. 
27. Ir at the point B, whence the body ſets out, 
the curve line return into it ſelf (as in fig. 823 ) thenthe 


body, upon its arrival again at B, may return into its for- 


mer courſe, and thus make an endleſs circuit about the 


center of the centripetal power. ; 


28. WHaAar has here been ſaid, I hope, will in 


ſome meaſure enable my readers to form a juſt idea of 


the nature of theſe centripetal motions. - | 

29. IH Ave not attempted to ſhew, how to find 
particularly, what kind of centripetal force is neceſſary 
to carry a body in any curve line propoſed. This is to 
be deduced from the degree of curvature, which the fi- 
gure has in each point of it, and requires a long and 
complex mathematical reaſoning. However 1 ſhall 
ſpeak a little to the firſt propoſition, which Sir IS AAC 
NewrTon lays down for this purpoſe. By this pro- 
poſition, when a body is found moving in a curye line, 
it may be known, whether the body be kept in its 
courſe by a power always pointed toward the ſame cen- 
ter; and if it be ſo, where that center is placed. The 
propoſition is this: that if a line be drawn from ſome 


fixed point to the body, and remaining by one extream 


united to that point, it be carried round along with 


the body; then, if the power, whereby the body is 


kept in its courſe, be always pointed to this fixed point 


as a Center, this line will move over equal ſpaces in e- 


qual portions of time. 95 a body were moving 
through the curve line AB CD (in fig. 84.) and pal- 
ſed over the arches AB, BC, CD in equal portions 

of time; then if a point, as E, cap be 2 from 
whence the line E A being drawn to the body in A, 


and accompanying the body in its motion, it ſhall 


make the ſpaces E A B, EB C, and ECD equal, o- 
ver which it paſſes, while the body deſcribes the arches 
AB, BC, and CD: and if this hold the ſame in wo 
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ther arches, both great and ſmall, of the curve line 
AB CD, that theſe ſpaces are always equal, where 
the times are equal; then is the body kept in this line 

by a power always pointed to E as a center. 


30. T H E principle, upon which Sir IS AAC NE w 
TON has demonſtrated this, requires but ſmall skill in 
geometry to comprehend. I ſhall therefore take the 


liberty to cloſe the preſent chapter with an explication 
of it; becauſe ſuch an example will give the cleareſt - 


notion of our author's method of applying mathemati- 
cal reaſoning to theſe philoſophical ſubjects. 


31. He reaſons thus. Suppoſe a body ſet out from 
the point A (in fig. 8p.) to move in the ſtraight line 
AB; and after it had moved for ſome time in that line, 

it were to receive an impulſe directed ro ſome point as 


C. Let it receive that impulſe at D; and thereby be 
turned into the line DE; and let the body after this 


impulſe take the ſame length of time in paſſing from D 


to E, as it imployed in the paſſing from A to D. Then 


the ſtraight lines CA, CD, and CE being drawn, 


Sir Isaac NEwrToON proves, that the triangular 
ſpaces CAD and CD E are equal. This he does in 
the following manner. | 


32. LET EF be drawn parallel to CD. Then, 


from what has been ſaid 2 the ſecond law of mo- 
tion *, it is evident, that fince the body was moving 
in the line AB, vhen it received the impulſe in the 


direction DC; it will have moved after that impulſe 


through the line DE in the ame time, as it would 


have taken up in moving through D F, provided it 


had received no diſturbance in D. But the time of the 


body's moving from D to E is ſuppoſed to be equal to 
the time of its moying through A D therefore the time, 


which the body would have imployed in moving through 
DF, had it not been diſturbed in D, is equal to the 
time, wherein it moved through AD: conſequently 


*Ch..!,$ 21, 24 ; 
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DF is equal in length to AD; for if the body had 
gone on to move through the line A B without in- 
terruption, it would have moved through all parts there- 
of with the {ame velocity, and have paſſed over equal 
pom of that line in equal portions of time. Now CF 
being drawn, ſince AD and D F are equal, the trian- 
_ ſpace CDF is equal to the triangular fpace CAD. 

arther, the line EF being parallel ro CD, it is pro- 


ved by EucLr1D, that the triangle CE D is equal to 


the triangle CF D *: therefore the triangle CE D is 
equal to the triangle C AD. | 

33. AFTER the fame manner, if the body receive 
at E another impulſe directed toward the point C, and. 


be turned by that impulſe into the line EG; if it move 


afterwards from E to G in the ſame ſpace of time, as 


Was taken up by its motion from D to E, or from A 


to D; then CG being drawn, the triangle CE G is 
equal to CDE. A third impulſe at G directed as 
the two former to C, whereby the body ſhall be tur- 
ned into the line G, will have alſo the like effect 
with the reſt. If the body move over G H in the ſame 
time, as it took up in moving over E G, the triangle 
CGH will be equal to the triangle CE G. Laſtly, if 
the body at H be turned by a freſh impulſe directed 
toward C into the line HI, and at I by another im- 
pulſe directed alſo to C be turned into the line I K; 
and if the body move over each of the lines H I, and 
IK in the fame time, as it imployed in moving over 
each of the preceding lines AD, DE, EG, and G H: 
then each of the triangles C HI, and CIK will be 
equal ro each of the preceding. Likewiſe as the time, 


in which the body moves over ADE, is equal to the 
time of its moving over EG H, and to the time of its 


moving over HI K; the ſpace CADE will be equal 
to the ſpace C E GH, and to the ſpace CHIK. In 
the ſame manner as the time, in which the body. mo- 
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ved 


ved over A D E G is equal to the time of its moving 
over GHIK, ſo the ſpace CA DEG will be equal 


to the ſpace CG H IK. | 


34. FROM this principle Sir IS AAC N EWTON 
demonſtrates the propoſition mentioned above, by that 
method of arguing introduced by him into geometry, 
whereof we have before taken notice, by making ac- 
cording to the principles of that method a tranſition 
from this incurvated figure compoſed of ſtraight lines, 

to a figure of continued curvature; and by ſhewing, 
that ſince equal ſpaces are deſcribed in equal times in 
this preſent figure compoſed of ſtraight lines, the ſame 


relation between the ſpaces deſcribed and the times of 


their deſcription will alſo have place in a figure of one 


continued curvature, He alſo deduces from this propo- 
ſition the reverſe of it; and proves, that whenever e- 
qual ſpaces are continually deſcribed; the body is acted 


upon by a centripetal force directed to the center, at 
which the ſpaces terminate. | 


 Canae. IV. i 
Ofthe RESISTANCE of FLUIDS. 


move, is 2 and void, or filled with any quantity of 
matter. It has been a prevailing opinion, that all ſpace 
contains in it matter of ſome kind or other; fo that 
where ho ſenſible matter is foutid; there was yer a ſub⸗ 
tle fluid ſubſtance by which the ſpace was filled op 5 


EFORE the cauſe can be diſcovered; which 
—_— the planets in motion, it is neceſſar firſt 
to know, whether the ſpace; whertihi t 


even {0 as to make an abſolute plemitude. In order to 


. 
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examine this opinion, Sir ISA AC NEWTrON has 
largely conſidered the effects of fluids upon bodies mo- 
ving in them. . 
2. TEEsS E effects he has reduced under theſe three 
heads. In the firſt place he ſnews how to determine 
in what manner the reſiſtance, which bodies ſuffer, 
when moving in a fluid, gradually increaſes in propor- 
tion to the ſpace, they deſcribe in any fluid; to the ve- 
locity, with which they deſcribe it; and to the time 


they have been in motion. Under the ſecond head he 


conſiders what degree of reſiſtance different bodies mo- 
ving in the ſame fluid undergo, according to the diffe- 
rent proportion between the denſity of the fluid and 
the denſity of the body. The denſities of bodies, whe- 
ther fluid or ſolid, are meaſured by the quantity of mat- 
ter, which is comprehended under the ſame magni- 
tude; that body being the moſt denſe or compact, which 
under the ſame bulk contains the greateſt quantity of 
ſolid matter, or which weighs moſt, the weight of e- 
very body being obſerved above to be proportional to 
the quantity of matter in it. Thus water is more 
denſe than cork or wood, iron more denſe than water, 
and gold than iron. The third particular Sir Is a a c 
Newroxn confiders concerning the reſiſtance of flu- 
ids is the influence, which the diverſity of figure in the 


reſiſted body has upon its reſiſtance. 


3. Fo R the more perfect illuſtration of the firſt of 


theſe heads, he diſtinctly ſnews the relation between all 
the particulars ſpecified upon three different ſuppoſiti- 
ons. 'The firſt is, that the ſame body. be reſiſted more 
or leſs in the ſimple proportion to its velocity; ſo that 
if its velocity be doubled, its reſiſtance ſhall become 


two fold. The ſecond is of the reſiſtance increaſing 
in the duplicate proportion of the velocity; fo that, if 
the velocity of a body be doubled, its reſiſtance ſhall be 


rendered four times; and if the velocity be trebled, 
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nine times as great as at firſt. But what is to be un- 
derſtood by duplicate proportion has been already ex- 
plained*, The third ſuppoſition is, that the reſiſtance 
increaſes partly in the ſingle proportion of the veloci- 
ty, and partly in the duplicate proportion thereof. 
4. In all theſe ſuppoſitions, bodies are conſidered un- 
der two reſpects, either as moving, and oppoſing them- 
ſelves againſt the fluid by that power alone, which is 


eſſential to them, of reſiſting to the change cf their 


{fare from reſt ro motion, or from motion to reſt, 
which we have above called their power of inactivity; 


or elſe, as deſcending or aſcending, and fo having the 
power of gravity combined with that other power. 


Thus our author has ſhewn in all thoſe three ſuppo- 
ſitions, in what manner bodies are reſiſted in an uni- 
form fluid, when they move with the aforeſaid pro- 
greſſive motion *; and what the reſiſtance is, when the 

aſcend or deſcend perpendicularly ©. And if a body a- 
ſcend or deſcend obliquely, and the reſiſtance be ſingly 
proportional to the velocity, it is ſhewn how the body 
is reſiſted in a fluid of an uniform denſity, and what line 
it will deſcribe , which is determined by the meaſure- 
ment of the hyperbola, and appears to be no other than 
that line, firſt conſidered in. particular by Dr. B a R- 
ROW „ which is now commonly known by the name 
of the logarithmical curve. In the ſuppoſition that the 
refaſtance increaſes in the duplicate proportion of the ve- 
locity, our author has not given us the line which would 
be deſcribed in an uniform fluid; but has inſtead there- 
of diſcuſſed a problem, which is in ſome fort the re- 
verſe; to find the denſity of the fluid at all altitudes, 
by which any given curve line may be deſcribed; which 
problem is ſo treated by him, as to be applicable to a- 
ny kind of reſiſtance whatever. But here not unming- 
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ful of practice, he ſhews that a body in a fluid of u- 
niform denſity, like the air, will deſcribe a line, which 


approaches towards an hyperbola; that is, its motion 


will be nearer to that curve line than to the parabola. 
And conſequent upon this remark, he ſhews how to 
determine this hyperbola by experiment, and briefly re- 
| ſolves the chief of thoſe problems relating to projectiles, 
which are in uſe in the art of gunnery, in this curve“; 
as TORRICELLI and others have done in the pa- 
rabola *, whoſe inventions have been explained at large 


above. 


5. Our author has allo handled diger that par- 
y 


ticular ſort of motion, which is deſcribed pendu- 
lums “; and has likewiſe conſidered ſome few caſes of 
bodies moving in reſiſting fluids round a center, to which 
they are impelled by a centripetal force, in order to give 
an idea of thoſe kinds of motions ©. 


6. Tre treating of the reſiſtance of pendulums has 
given him an opportunity of inſerting into another part 


of his work ſome ſpeculations upon the motions of them 
without reſiſtance, which have a very peculiar elegance; 
wherein he treats of them as moved by a gravitation 
acting in the law, which he ſhews to belong to the 
earth below its ſurface f; performing in this kind of gra- 
vitation, where the force is proportional to the diſtanee 


from the center, all that Huy GE NS had before done N 


in the common ſuppoſition of its being uniform, and 
geting in parallel lines s. e „ 
F. Hu ve EN s at the end of his treatiſe of the cauſe 

of gravity informs us, that he likewiſe had carried his 
ſpeculations on the firit of theſe ſuppoſitions, of the re- 
ſiſtance in fluids being proportional to the velocityof 


10. in | this treatiſe. 
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che body, as far as our author. But finding by experi- 


ment that the ſecond was more conformable to na- 


ture, he afterwards made ſome progreſs in chat, till he 
was ſtopt, by not being able to execute to his wiſh 
- What related to the perpendicular deſcent of bodies; 
not obſerving that the meaſurement of the curve line, 
he made uſe of to explain it by, depended on the hy- 


perbola. Which overſight may well be pardoned in 


that great man, conſidering that our author had not 
been pleaſed ar that time to communicate to the pub- 
lick his admirable diſcourſe of the qu AD RAT UR E Or 
MEASUREMENT O FH CURVE LINES, with which 
he has ſince obliged the world: for without the uſe of 
that treatiſe, it is I think no injury even to our author's 
1 abilities to believe, it would not have been 
ea 


for himſelf to have ſueceeded fo happily in this and 


many other parts of his writings. _ . 
8. WAT Hu YEN s found by experiment, that 


bodies were in reality reſiſted in the duplicate proporti- 


on of their velocity, agrees with the reaſoning of our 
author *, who diſtinguiſhes the reſiſtance, which fluids 
give to bodies by the tenacity of their parts, and the 
friction between them and the body, from that, which 
ariſes from the power of inactivity, with which the 
cConſtituent particles of fluids are endued like all other 
portions of matter, by which power the particles of 
fuids like other bodies make reſiſtance againſt being put 
into motion: . "Iva 
vi. Trax reſiſtance, which ariſes from the friction of 
the body againſt the parts of the fluid, muſt be very 
ineonſiderable; and the reſiſtance, which follows from 
the renacity of the parts of fluids, is not uſually very 
great, and does not depend much upon the velocity of 
the body in the fluid; for as the parts of the fluid ad- 
here together with a certain degree of force, the reſiſt- 
ance, which the body receives from thence, cannot 
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much depend upon the velocity, with which the bo- 
dy moves; but like the power of gravity, its effect 
muſt be proportional to the time of its acting. This 
the reader may find farther explained by Sir IS AAC 


NE w Tov himſelf in the poſtſcript to a diſcourſe pub- 


liſhed by mein THE PHILOSOPHICAL TRANS 
ACTIONS, No. 371. The principal reſiſtance, which 
moſt fluids give to bodies, ariſes from the power of 
inactivity in the parts of the fluids, and this depends 


upon the velocity, with which the body moves, on a 


double account. In the firſt place, the quantity of 
the fluid moved out of place by the moving body in a- 
ny determinate ſpace of time is proportional to the ve- 
locity, wherewith the body moves; and in the next 


place, the velocity with which each particle of the fluid 


is moved, will alſo be proportional to the velocity of rhe 
body: therefore ſince the reſiſtance, which any body 
makes againſt being put into motion, is proportional 
both to the quantity of matter moved and the veloci- 
ty it is moved with; the reſiſtance, which a fluid gives 
on this account, will be doubly increafed with the in- 
creaſe of the velocity in the moving body; that is, che 
reſiſtance will be in a two-fold or duplicate proportion 
80 _s | . wherewith the body moves through 
the fluid. | 


10. FARTHER it is moſt maniſeſt, that this lat- 


ter kind of reſiſtance increaſing with the increaſe of ye- 


locity, even in a greater degree than the velocity it ſelf 


increaſes, the ſwifter the body moves, the leſs propor- 
tion the other ſpecies of reſiſtance will bear to this: 
nay that this part of the reſiſtance may be ſo much aug- 
mented by a due increaſe of velocity, till the former 
reſiſtances ſhall bear a leſs proportion to this, than any 


that might be aſſigned. And indeed experience ſhews, 
that no other reſiſtance, than what ariſes from the power 


of purges in the parts of the fluid, is of moment, 
when the body moves with any conſiderable ſwiftneſs. 
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reſiſtance, found only in ſuch fluids, as, like our air, 
are elaſtic. Elaſticity belongs to no fluid known to 
us beſide the air. By this property any quantity of air 
may be contracted into a leſs ſpace by a forcible preſ- 
ſure, and as ſoon as the compreſſing power is removed, 

it will ſpring out again to its former dimenſions. The 
air we breath is held to its preſent denſity by the weight 
of the air above us. And as this incumbent weight, 
by the motion of the winds, or other cauſes, is fre- 
quently varied (which appears by the barometer;) ſo 
when this weight is greateſt, we breath a more denſe 
air than at other times. To what degree the air would 
expand it ſelf by its ſpring, if all preſſure were remo- 
ved, is not known, nor yet into how narrow a com- 
pals it is capable of being compreſſed. Mr. Bo LE 
found it by experiment capable both of expanſion and 
compreſſion to ſuch a degree, that he could cauſe a 
quantity of air to expand it ſelf over a ſpace ſome hun- 

dred thouſand times greater, than the ſpace to which 
he could confine the ſame quantity. But I ſhall treat 


more fully of this ſpring in the air hercafter ®. I am 
now only to conſider what reſiſtance to the motion of 


bodies ariſes from it. | | 
12. Bur before our author ſhews in what manner 
this cauſe of reſiſtance operates, he propoſes a method, 
by which fluids may be rendered elaſtic, demonſtrat- 
ing that if their particles be provided with a power of 
repelling each other, which ſhall exert it ſelf with de- 


grees of ſtrength reciprocally proportional to the diſtan- 


ces between the centers of the particles; that then ſuch 
fluids will obſerve the ſame rule in being compreſſed, 
as our air does, which is this, that the ſpace, into 


which ir yields upon compreſſion, is reciprocally pro- 


portional to the compreſſing weight ©. The term re- 


2 See his Trad on the admirable rarifaction of the air. 
Þ Book II. Ch. 6. . | 
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ciprocally proportional has been explained above *. 


And if the centrifugal force of the particles acted by 
other laws, ſuch fluids would yield in a difterent man- 


ner to compreſſion *. 


_ 13. WHETHER the particles of the air be en- 
dued with ſuch a power, by which they can a& upon 
each other out of contact, our author does not deter- 
mine; but leaves that to future examination, and to 
be diſcuſſed by philoſophers. Only he takes occaſion 
from hence to conſider the reſiſtance in Elaſtic fluids, 
under this notion; making remarks, as he paſſes along, 
upon the differences, which will ariſe, if their elaſtici- 
ty be derived from any other fountain ©: And this, I 


think, muſt be confeſſed to be done by him with great 


judgment; for this is far the moſt reaſonable account, 


which has been given of this ſurprizing power, as muſt 


without doubt be freely acknowledged by any one, 
who in the leaſt conſiders the inſufficiency of all the 
other conjectures, which have been framed ; and alſo 
how little reaſon there is to deny to bodies other pow- 


ers, by which they may act upon each other at a di- 


- ſtance, as well as that of gravity ; which we ſhall here- 


after ſhew to be a property univerſally belongitig to all 
the bodies of the univerſe, and to all their parts“. Nay 
we actually find in the loadſtone a very apparent repel- 
ling, as well as an attractive power. But of this more 


in the concluſion of this diſcourſe. 


14. By theſe ſteps our author leads the way to ex- 


plain the reſiſtance, which the air and ſuch like fluids 


will give to bodies by their elaſticity z which reſiſtance 
he explains thus. If the elaſtic power of the fluid were 
to be varied fo, as to be always in the duplicate pro- 
portion of the velocity of the reſiſted body, it is ſhewn 
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that then the reſiſtance derived from the elaſticity, 
would increaſe in the duplicate proportion of the ve- 
locity ; in ſo much that the whole reſiſtance would be 
in that proportion, excepting only that ſmall part, 
which ariſes from the friction between the body and 
the parts of the fluid. From whence it follows, that 
becauſe the elaſtic power of the ſame fluid does in truth 


continue the ſame, if the velocity of the moving body 


be diminiſhed, the reſiſtance from the elaſticity, and 
therefore the whole reſiſtance, will decreaſe in a leſs 
proportion, than the duplicate of the. velocity z and if 
the velocity be increaſed, the reſiſtance from the ela- 


ſticity will increaſe in a leſs proportion, than the du- 


plicate of the velocity, that is in a leſs proportion, than 
the reſiſtance made by the power of inactivity of the 
parts of the fluid. And from this foundation is raiſed 
the proof of a property of this reſiſtance, given by the 

elaſticity in common with the others from the tenaci- 
ty and friction of the parts of the fluid; that the ve- 
locity may be increaſed, till this reſiſtance from the 
fluid's elaſticity ſhall bear no conſiderable proportion to 
that, which is produced by the power of inactivity 
thereof. From whence our author draws this con- 
eluſion; that the reſiſtance of a body, which moves 
very ſwiftly in an elaſtic fluid, is near the ſame, as if 
the fluid were not elaſtic; provided the elaſticity a- 
riſes from the centrifugal power of the parts of the 
medium, as before explained, eſpecially if the velocity 
be fo great, that this centrifugal power ſhall want time 


to exert it ſelf . But it is to be obſerved, that in the 


proof: of all: this our author proceeds upon the ſuppo- 


ſition of this centrifugal power in the parts of the- 


fluid; but if the elaſticity be cauſed by the expanſion. 


of the parts in the manner of wool compreſſed, and 


ſuch like bodies, by which the parts of the fluid will 
be in ſome meaſure entangled together, ind their mo- 


© Ibid, Prop. 33. coroll. 23 v Ibid, coroll. 3. 3 
| | | | tion 
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126 Sir TSAACNEVNTON's Book I. 
tion be obſtructed, the fluid will be in a manner 
tenacious, and give a reſiſtance upon that account o- 
ver and above what depends upon its elaſticity only * 
and the reſiſtance derived from that cauſe is to be judg - 
ed of inthe manner before ſet down. e 

If. Ir is now time to pals to the ſecond part of 
this theory; which is to aſſign the meaſure of reſiſt- 
ance, according to the proportion between the denſi- 
ty of the body and the denſity of the fluid. What is 
here to be underſtood by the word denſity has been 
explained above b. For this purpoſe as our author be- 
fore conſidered two diſtin& cafes of bodies moving in 


mediums z one when they oppoſed themſelves to the 


fluid by their power of inactivity only, and another 
when by aſcending or deſcending their weight was 
combined with that other power: ſo likewiſe, the 
fluids themſelves are to be regarded under a double ca- 
pacity; either as having their parts at reſt, and diſpo- 


ſed freely without reſtraint, or as being compreſſed to- 


_ gether by their own weight, or any other caule. 

16. In the firſt caſe, if the parts of the fluid be 
wholly diſingaged from one another, ſo that each par- 

ticle is at liberty to move all ways withdut any impe- 


diment, it is ſnewn, that if a globe move in ſuch a 


fluid, and the globe and particles of the fluid are in- 
dued with perfect elaſticity; ſo that as the globe im- 
pinges upon the particles of it, they ſnall bound off and 
ſeparate themſelves from the globe, with the ſame ve- 
locity, with which the globe ſtrikes upon them; then 
the reſiſtance, which the globe moving with any 
known velocity ſuffers, is to be thus determined. From 
the velocity of the globe, the time, wherein it would 

move over two third parts of its own diameter with 
that velocity, will be known. And ſuch proportion 
as the denſity of the fluid bears to the denſity of the 
globe, the ſame the reſiſtance given to the globe will 


vid. ibid. coroll. C. 106 2 
bear 


bear to the force, which acting, like the power of 
zravity, on the globe without intermiſſion during the 
Lage of time now mentioned, would generate in the 
globe the ſame degree of motion, as that wherewith 
it moves in the fluid *. Bur if neither the globe nor 
the particles of the fluid be elaſtic, ſo that the par- 
ticles, when the globe ſtrikes againſt them, do not 
rebound from it, then the reſiſtance will be but 
half ſo much. Again, if the particles of the fluid and 
the globe are imperfectly elaſtic, ſo that the particles 
will ſpring from the globe with part only of that ve- 
locity wherewith the globe impinges upon them; then 
the reſiſtance will be a mean between the two prece- 
ding caſes, approaching nearer to the firſt or ſecond, 
according as the elaſticity is more or leſs *, _ 

17. Tre elaſticity, which is here aſcribed to 
the particles of the fluid, is not that power of repel- 
ling one another, when out of contact, . by which, as 


has before been mentioned, the whole fluid may be 


rendred elaſtic 5 but ſuch an elaſticity only, as many 
ſolid bodies have of recovering their figure, whenever 
any forcible change is made in it, by the impulſe of a- 
nother body or otherwiſe. Which elaſticity has been 
explained above at large *. | 
18. Tris is the caſe of diſcontinued fluids, where 
the body, by preſſing againſt their particles, drives 
them before itſelf, while the ſpace behind the body is 
left empty. But in fluids which are compreſſed, ſo 
that the parts of them removed out of place by the 
body reſiſted immediately retire behind the body, and 
fill that ſpace, which in the other caſe is left vacant, 
the reſiſtance is {till leſs; for a globe in ſuch a fluid 
which ſhall be free from all elaſticity, will be reſiſted 
but half as much as the leaſt reſiſtance in the former 
Caſe . But by elaſticity I now mean that power, which 
2 Princ, philoſ. Lib. II. „ 28, } © Priac, philoſ. Lib. II. prop. 
4 Ibid. R 38. — with 1 | 
. | of prop. 35. | 
| «Ch, 1. 5 29. | EP 
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renders the whole fluid ſo; of which if the compreſſed 
fluid be poſſeſſed, in the manner of the air, then the 
reſiſtance. will be greater than by the foregoing rule ; 
for che fluid. being capablz in ſome degree of conden- 
fation, it will reſemble ſo far the caſe of uncompreſſed 


fluids . But, as has been before related, this diffe- 


rence is moſt conſiderable in ſlow motions. 


19. IN the next place our author is particular in 


determining the degrees of reſiſtance accompanying 
bodies of different figures; which is the laſt of the 
three heads, we divided the whole diſcourſe of reſiſt- 
ance into. And in this diſquiſition he finds a very ſur- 
prixing and unthought of difference, between free and 
compreſſed fluids. He proves, that in the former kind, 


a globe ſuffers but half the reſiſtance, which the cylin- 
der, that circumſcribes the globe, will do, if it move 


in the direction of its axis b. But in the latter he proves, 


that the globe and cylinder are reſiſted alike ® And in 
general, that let the ſhape of bodies be ever ſo diffe- 


rent, yet if the greateſt ſections of the bodies 3 275 
cular to the axis of their motion be equal, the bodies 
will be reſiſted equal). 


20. Pusu ANN to the difference found between 


the reſiſtance of the globe and cylinder in rare and un- 
compreſſed fluids, our author gives us the reſult of 
ſome other inquiries of the ſame nature. Thus of all 


the fruſtums of a cone, that can be deſcribed upon 


the ſame baſe and with the ſame altitude, he ſhews how 
to find i that, which of all others will be the leaſt reſiſt- 


ed; when. moving in the direction of its axis. And 


from hence he draws an cafy- method of altering the 
figure of any ſpheroidical ſolid, ſo tliat its capacity may 


be enlarged, and yet the reſiſtanoe of: ir-diminiſhed *: 
a: note which he thinks may not be uſeleſs to ſhip- 


2 L. II. Lem. 7. ſchol. pag. 344-1,5 Schok: to Lem. 7, 
b Ip. II. prop, 34. Prop. 34. (cho). 
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rights. He concludes with determining the ſolid, 
which will be reſiſted the leaſt that is poſſible, in theſe 
diſcontinued fluids *. h | 
21. THAT I may here be underſtood by readers 
unacquainted with mathematical terms, I ſhall explain 
what I mean by a fruſtum of a cone, and a ſpheroidi- 
cal ſolid. A cone has been defined above. A fruſtum 
is what remains, when part of the cone next the ver- 
tex is cut away by a ſection parallel to the baſe of the 
cone, as in fig. 86. A ſpheroid is produced from an 
ellipſis, as a ſphere or globe is made from a circle. If 
a circle turn round on its diameter, it deſcribes by its 
motion a ſphere ; ſo if an ellipſis (which figure has 
been defined above, and will be more fully explained 
hereafter *.) be turned round either upon the longeſt or 
ſhorteſt line, that can be drawn through the middle of 
it, there will. be deſcribed a kind of oblong or flat 
8558 as in fig. 87. Both theſe figures are called 
pheroids, and any ſolid reſembling theſe J here call 
ſpheroidical. 1 1 e 
22. Ir it ſhould be asked, how the method of al- 
tering ſpheroidical bodies, here mentioned, can contri- 
bute to the facilitating a ſhip's motion, when I juſt a- 
bove affirmed, that the figure of bodies, which move 
in a compreſſed fluid not elaſtic, has no relation to the 
augmentation or diminution of the reſiſtance z the re- 
ply is, that what was there ſpoken relates ro bodies 
deep immerged into ſuch fluids, but not of thoſe, which 
ſwim upon the ſurface of them; for in this latter caſe 
the fluid, by the appulſe of the anterior parts of the 
body, is raiſed above the level of the ſurface, and be- 
hind the body is ſunk ſomewhat below); ſo that by 
this inequality in the ſuperficies of the fluid, that part 
of it, which at the head of the body. is higher than 
the fluid behind, will reſiſt in ſome meaſure after the 


Prop. 34. cho. » Book II. Chap. 1, $ 6. 
„ - K manner 
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manner of diſcontinued fluids *, analogous to what was 


before obſerved to happen in the air through its ela- 


ſticity, though the body be ſurrounded on every fide 


by it*. And as far as the power of theſe cauſes ex- 


rends, the figure of the moving body affects its reſiſt- 


ance ; for it is evident, that the figure, which preſſes 
leaſt directly againſt the parts of the fluid, and fo raiſes 


leaſt the ſurface of a fluid not elaſtic, and leaſt compreſ- | 


ſes one that is elaſtic, will be leaſt reſiſted. 1 
23. The way of collecting the difference of the re- 


ſiſtance in rare fluids, which ariſes from the diverſity 


of figure, is by conſidering the different effect of the 
particles of the fluid upon the body moving againſt 
them, according to the different obliquity of the ſeve- 
ral parts of the body upon which they eee ſtrike; 


as it is known, that any body impinging againſt a plane 


obliquely, ſtrikes with a leſs force, than if it fell up- 
on it perpendicularly ; and the greater the obliquity 


is, the weaker is the force. And it is the ſame thing, 
if the body be at reſt, and the plane move againſt it <. 


24. THA x there is no connection between the fi- 


gure of a body and its reſiſtance in compreſſed fluids, 
is proved thus. Suppoſe AB CD (in fig. 88.) de a 
canal, having ſuch a fluid, water for inſtance, running 
through it with an equable velocity; and let any bo- 
dy E, by being placed in the axis of the canal, hinder 


the paſſage of the water. It is evident, that the fi - 


gure of the fore wk of this body will have little in- 


fluence in obſtructing the water's motion, but the 


whole impediment will ariſe from the ſpace taken up 
by the body, by which it diminiſhes the bore of the 
canal, and ſtraightens the paſſage of the water . But 


proportional to the obſtruction of the water's motion, 


Vid. Newt. princ. in ſchol. to Lem. 7. of Lib. II. pag. 341. 
b Sect. 17. of this chapter. N | 
© See Princ. philoſ. Lib. II. prop. 34. 2 
à Vid. Princ, Philoſ. Lib. II., Lem. 5. p. 3 14. 7 5 
ws 0 N 3 . w N 
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will be the force of the water upon the body E*. 
Now ſuppoſe both orifices of the canal to be cloſed, 

and the water in it to remain at reſt ; the body E to 
move, ſo that rhe parts of the water may paſs by it 
with the ſame degree of velocity, as they did before; 
it is beyond contradiction, that the preſſure of the 
water upon the body, that is, the reſiſtance it gives 
to its motion, will remain the ſame; and therefore 
will have little connection with the figure of the bo- 
, 25. By a method of reaſoning drawn from the ſame 
fountain is determined the meaſure of reſiſtance theſe 
compreſſed fluids give to bodies, in reference to the 
proportion between the denſity of the body and that of 
the fluid. This ſhall be explained particularly in my 
comment on Sir IS AAC NEHWTrON's mathematical 
principles of natural philolophy ; bur is not a proper 
ſubject to be inſiſted on farther in this place. 

26. WE have now gone through all the parts of 
this theory. There remains nothing more, but in few 
words to mention the experiments, which our author 
has made, both with bodies falling perpendicularly 
through water, and the air *, and with pendulums “: 
all which agree with the theory. In the caſe of fal- 
ling bodies, the times of their fall determined by the 
theory come out the ſame, as by obſervation, to a ſur- 
. prizing. exactneſs; in the pendulums, the rod, by 
which the ball of the pendulum hangs, ſuffers reſiſtance 
as well as the ball, and the motion of the ball being 
reciprocal, it communicates ſuch a motion to the fluid, 
as increaſes the reſiſtance; but the deviation from the 

theory is no more, than what may reaſonably follow 

from theſe cauſes. | | 


Lemm. 6. b Ibid. 7. 
© Newt. Princ. Lib. II; prop. 40. in ſchol. 
Lib. II. in ſchol. poſt prop. 37. 
Ps | bn N ; 
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27. By this theory of the reſiſtance of fluids, and 
theſe experiments, our author decides the queſtion fo 
long agitated among natural philoſophers, whether all 
ſpace is abſolutely full of matter. The Ariſtotelians 
and Carteſians both aſſert this plenitude z the Atomiſts 
have maintained the contrary. Our author has choſe to 
determine this queſtion by his theory of reſiſtance, as 
ſhall be explained in the following chapter. 
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SYSTEM of the WORLD, 


CARAT I 


That the Planets move in a ſpace 
empty of all ſenſible matter. 


HAVE now gone through the fiſt part 
of my deſign, and have explained, as far as 
the nature of my undertaking would permit, 
what Sir IS AAC N EWTON has deliver- 


cauſe keeps the heavenly bodies in their courſes. But 


it 


7 —— — — — — — — * 
, — * 0 3 
— — 2 , 
— 145% 
0 — > 1 


134 Sir 7S AAC NEWTON's Book II. 
it will be neceſlary for the uſe of ſuch, as are not skil- 
led in aſtronomy, to premiſe a brief deſcription of the 
Planetaty ſyſtem. | . . 
2. This ſyſtem is diſpoſed in the following man- 


ner. In the middle is placed the ſun. About him fix 
globes continually roll. Theſe are the primary planets; 


that which is neareſt to the ſun is called Mercury, the 
next Venus, next to this is our earth, the next be- 
yond is Mars, after him Jupiter, and the outermoſt of 
all Saturn. Beſides thele there are diſcovered in this 
ſyſtem ten other bodies, which move about ſome of 


theſe primary planets in the ſame manner, as they move | 


round the ſun. Theſe are called ſecondary planets. The 


moſt conſpicuous of them is the moon, which moves 


round our earth; four bodies move in like manner 
round Jupiter ; and five round Saturn. 'Thoſe which 


move about ſupiter and Saturn, are uſually called fatel- 


lites; and cannot any of them be ſeen without a tele- 
ſcope. It is not impoſſible, but there may be more 
ſecondary planets, beſide theſe; though our inſtruments 
have not yet diſcovered any other. This diſpoſition of 
the planetary or ſolar ſyſtem is repreſented in fig. 89. 
| Tux ſame planet is not always equally diſtant 
from the ſun. Bur the middle diſtance of Mercury is 
between } and ; of the diſtance of the earth from the 
- ſun; Venus is diſtant from the ſun almoſt ; of the di- 
ſtance of the earth; the middle diſtance of Mars js 
ſomething more than half as much again, as the diſtance 
of the earth; Jupiter's middle diſtance exceeds five 
times the diſtance of the earth, by between ; and ; 
part of this diſtance; Saturn's middle diſtance is ſcarce 
more than 9 times the diſtance between the earth and 
ſun ; but the middle diſtance between the earth and 
ſun is about 217; times the ſun's ſemidiameter. 

4. ALL theſe planets move one way, from weſt to 
eaſt; and of the primary planets the moſt remote is 
longeſt in finithing its courſe round the ſun. The pe- 
riod of Saturn falls ſhort only fixtecn days of 29 er 
. | and 


ö 
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and a half. The period of Jupiter is twelve years 


wanting about 70 days. The period of Mars falls 
ſhort of two years by about 43 days. The revolution 
of the earth conſtitures the year. Venus performs her 
| _ in about 2245 days, and Mercury in about 88 
ays. . 5 
70 THE courſe of each planet lies throughout in 
one plane or flat ſurface, in which the ſun is placed; 
but they do not all move in the ſame plane, though the 
different planes, in which they move, croſs each other 
in very ſmall angles. They all croſs each other in 
lines, which paſs through the ſun; becauſe the ſun lies 
in the plane of each orbit. This inclination of the ſe- 
veral orbits to each other is repreſented in fig. 90. 
The line, in which the plane of any orbit crofles the 
plane of the earth's motion, is called the line of the 
nodes of that orbit. | N 
6. EA c planet moves round the ſun in the line, 
Which we have mentioned above * under the name of 
ellipſis; which I ſhall her ſhew more particularly how 
to deſcribe, I have there faid how it is produced in 
the cone. I ſhall now ſhew how to form it upon a 
plane. Fix upon any plane two pins, as at A and B 
in fig. 91. To thele tye a ſtring A CB of any length. 


Then apply a third pin D ſo to the ſtring, as to hold 
it ſtrained 3 and in that manner carrying this pin about, 


the point of it will deſcribe an ellipſis. If through the 


points A, B the ſtraight line E A BF be drawn, to be 


terminated at the ellipſis in the points E and F, this 
is the longeſt line of any, that can be drawn within 


the figure, and is called the greater axis of the ellipſis. 
The line G H, drawn perpendicular to this axis E F, 


ſo as to paſs through the middle of it, is called the leſ- 
ſer axis. The two points A and B are called focus's 
Now each planet moves round the ſun in a line of this 


kind, ſo that the ſun is found in one focus. Suppoſe A 


2 Book I, ch. 2. F $2, 
| to 
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to be the place of the ſun. Then E is the point, 
wherein the planet will be neareſt of all to the ſun, 
and at F it will be moſt remote. 'The point E is cal- 
led the perihelion of the planer, and F the aphelion. 
In G and H the planet is ſaid to be in its middle or 
mean diſtance; becauſe the diſtance AG or AH is 
truly the middle between AE the leaft, and AF the 
greateſt diſtance. In fig. 92. is repreſented how the 
greater axis of each orbit is ſituated in reſpect of the 
reſt. The proportion between the greateſt and leaſt 
diſtances of the planet from the ſun is very different in 
the different planets. In Saturn the proportion of the 
greateſt diſtance to the leaſt is ſomething leſs, than the 
proportion of oro 8; but much nearer to this, than 
to the proportion of 10 to 9. In Jupiter this propor- 
tion is a little greater, than that of 11 to 10. In Mars 
it exceeds the proportion of 6 to 7. In the earth it 
is about the proportion of 30 to 29. In Venus it is 
near to that of 70 to 69. And in Mercury it comes 
not a great deal ſhort of the proportion of 3 to 2. 

7 Each of theſe planets ſo moves through its el- 
lipſis, that the line drawn rom the ſun to the planet, 
by accompanying the planetin its motion, will deſcribe 
about the ſun equal ſpaces in equal times, after the 
manner ſpoke of in the chapter of centriperal forces ?. 
There is alſo a certain relation between the greater axis's 
of theſe ellipſis's, and the times, in which the planets 
perform their revolutions through them. Which re- 

lation may be expreſſed thus. Let the period 

A D dof one planet be denoted by the letter A, the 
E greater axis of its orbit by D; let the period 
F of another planet be denoted by B, and the 
G greater axis of this planet's orbit by E. Then 

| if C be taken to bear the ſame proportion to 
B, as B bears to A; likewiſe if F be taken to bear the 
ſame proportion to E, as E bears to D; and G taken 
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to bear the ſame proportion likewiſe to F, as E bears 
to D; then A ſhall bear the ſame proportion ro C, as 

D bears to G. „„ 

8. Tre ſecondary planets move round their reſpec- 
tive primary, much in the ſame manner as the primary 
do round the ſun. But the motions of thele ſhall be 
more fully explained hereafter *. And there is, beſides 
the planets, another ſort of bodies, which in all proba- 
biliry move round the ſun; I mean the comers. The 
farther deſcription of which bodies I alſo leave to the 
place, where they are to be particularly treated on“. 

9. F AR without this ſyſtem the fixed ſtars are placed. 

Theſe are all ſo remote from us, that we ſeem almoſt 

incapable of contriving any means to eſtimate their di- 

ſtance. Their number is exceeding great. Beſides two 
or three thouſand, which we ſee with the naked eye, 
teleſcopes open to our view vaſt numbers; and the far- 
ther improved theſe inſtruments are, we ſtill diſcover 
more and more. Without doubt theſe are luminous 
globes, like our ſun, and ranged through the wide ex- 
tent of ſpace; each of which, it is to be ſuppoſed, per- 
form the ſame office, as our ſun, affording light and heat 
to certain planets moving about them. But theſe con- 

jectures are not to be purſued in this place. 75 

10. ISH ALL therefore now proceed to the particu- 

lar deſign of this chapter, and ſhew, that there is no 
ſenſible matter lodged in the ſpace where the planets 

move. ; 44 

11. T mar they ſuffer no ſenſible reſiſtance from any 
ſuch matter, is evident from the agreement between the 
obſervations of aſtronomers in different ages, with re- 
geard to the time, in which the planets have been found 
do perform their periods. But it was the opinion of 

DES CAR TES, that the planets might be kept in 


a Chap. 3, of this preſent book, 5 
1 | b Chap. 4. ; 
1 In Princ, Philoſ. part. 3. 
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their courſes by the means of a fluid matter, which 
continually circulatinground ſhould carry the planets a- 
long with it. There is one appearance that may ſeem 
to favour this opinion; which is, that the ſun turns round 
its own axis the ſame way, as the planets move. Theearth |. 
alſo turns round its axis the ſame way, as the moon moves 
round the earth. And the planet Jupiter turns upon its axis 
the ſame way, as his ſatellites revolve round him. It might 
therefore be ſuppoſed, that if the whole planetary regi- 
on were filled with a fluid matter, the ſun, by turnin 
round gn its own axis, might communicate motion firſ 
to that part of the fluid, which was contiguous, and by 
degrees propagate the like motion to the parts more re- 
| mote. After the ſame manner the carth mighr commu- 
nicate motion to this fluid, to a diſtance fufficient to 
carry round the moon, and Jupiter communicate the 
like to the diſtance of irs ſatellites. Sir Is AAC Ne w- 
ToN has particularly examined what might be the re- 
ſult of ſuch a motion as this“; and he finds, that the ve- 
locities, with which the parts of this fluid will move in 
different diſtances from the center of the motion, will 
not agree with the motion obſerved in different pla- 
nets: for inſtance, that the time of one inrire circula- 
tion of the fluid, wherein Jupiter ſhould ſwim, _ 
| bear a greater proportion to the time of one intire ctr- / 
culation of the fluid, where the earth is; than the pe- 
riod of Jupiter bears to the period of the earth. But 
he alſo proves *, that the planet cannot circulate in ſuch 
a fluid, ſo as to keep long in the ſame courſe, unleſs 
the planet and the contiguous fluid are of the ſame den- 
ſity, and the planet be carried along with the ſame de- 
gree of motion, as the fluid. There is alſo another re- 
mark made upon this motion by our author; which is, 
that ſome vivifying force will be continually neceſſary at 
the center of the motion*. The ſun in particular, by 
2 Philoſ. princ. mathem. lib. II. prop. 2. & ſchol. 
b Ibid. prop. 53. 3 | 
© Philoſ. princ. prop. 52. coroll, 4. 
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communicating motion to the ambient fluid, will loſe 
from it ſelf as much motion, as it imparts to the flu- 


id; unleſs ſome acting principle reſide in the ſun to re- 


new its motion continually. If the fluid be infinite, 


this gradual loſs of motion would continue till the whole 


ſhould ſtop *; if the fluid were limited, this loſsof 
motion would continue, till there would remain no 
ſwifter a revolution in the ſun, than in the utmoſt part 
of the fluid; ſo that) the whole would turn together 
about the axis of the ſun, like one ſolid globe ®. 


12. IT is farther to be obſerved, that as the planets 


do not move in perfect circles round the ſun; there is 
a greater diſtance between their orbits in ſome places, 
than in others. For inſtance, the diſtance between the 
orbit of Mars and Venus is near half as great again in 
one part of their orbits, as in the oppoſite place. Now 
here the fluid, in which the earth ſhould ſwim, muſt 
move with a leſs rapid motion, where there is this grea- 
ter interval between the contiguous orbits z but on the 


contrary, where the ſpace is ſtraiteſt, the earth moves 


more ſlowly, than where it is wideſt ©. | 

13. FARTHER, if this our globe of earth ſwam 
in a fluid of equal denfity with the earth it ſelf, that 
is, in a fluid more denle than water; all bodies put in 
motion here upon the earth's ſurface muſt ſuffer a great 


reſiſtance from it; whereas, by Sir Iaac NEWẽ- 


ToN's experiments mentioned in the preceding chap- 
ter, bodies, that fell perpendicularly down through 
the air, felt about 358 part only of the reſiſtance, which 


bodies ſuffered that fell in like manner through wa- 


han; lo = 2” 
14. Sir Is AAC NEWTrON applies theſe experi- 
ments yet farther, and examines by them the general 
gueſtion concerning the abſolute plenitude of ſpace. Ac- 


v pPhiloſ. ptine. prop. 52. coroll. 4. 
d Coroll. 11. an 115 0 | 
e pee ibid, ſchol. poſt prop. 53. 
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cording to the Ariſtotelians, all ſpace was full without 
any the leaſt vacuities whatever. DES CARTEsSs 
embraced the ſame opinion, and therefore ſuppoſed a 
ſubtile fluid matter, which ſhould pervade all bodies, 
and adequately fill up their pores. The Atomical phi- 
loſophers, who ſuppoſe all bodies both fluid and ſolid to 
be compoſed of very minute but ſolid atoms, aſſert that 
no fluid, how ſubtile ſoever the particles or atoms where- 
of it is compoſed ſhould be, can ever cauſe an abſolute 
plenitude; becauſe it is impoſſible that any body can paſs 
through the fluid without putting the particles of it in- 
to ſuch a motion, as to ſeparate them, at leaſt in part, 
from one another, and ſo perpetually to cauſe ſmall va- 
cuities; by which theſe Atomiſts endeavour to prove, 
that a vacuum, or ſome ſpace empty of all matter, is 
abſolutely neceſſary to be in nature. Sir ISA AC 
N EWTON objects againſt the filling of ſpace with 
ſuch a ſubtile fluid, that all bodies in motion muſt be 
unmeaſurably reſiſted by a fluid ſo denſe, as abſolutely 
to fill up all the ſpace, through which it is ſpread. And 
leſt it ſnould be thought, that this objection might be 
evaded by aſcribing to this fluid ſuch very minute and 

ſmooth parts, as might remove all adheſion or friction 
between them, whereby all reſiſtance would be loſt, 
which this fluid might otherwiſe give to bodies moving 
in it; Sir Is AAc NEW TON proves, in the manner 
above related, that fluids reſiſt from the power of inac- 


tivity of their particles; and that water and the air re- 


ſiſt almoſt entirely on this account: ſo that in this ſub- 
tile fluid, however minute and lubricated the particles, 
which compoſe it, might be; yet if the whole fluid 
Was as denſe as water, it would reſiſt very near as much 
as water does; and whereas ſuch a fluid, whoſe parts 
are abſolutely cloſe together without any intervening 
ſpaces, muſt be a great deal more denſe than water, it 
muſt reſiſt more than water in proportion to its grea- | 
ter denſity; unleſs we will ſuppoſe the matter, of which 
this fluid is compoſed, not to be endued with the ſame 
S5 1 | _ © degree 
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degree of inactivity as other matter. But if you de- 


prive any ſubſtance of the property ſo univerſally be- 
longing to all other matter, without impropriety of 
ſpeech it can ſcarce be called by this name- . 

15. Sir Isaac NRWTON made alſo an experi- 
ment to try in particular, whether the internal parts of 
bodies ſuffered any reſiſtance. And the reſult did indeed 
appear to favour ſome ſmall degree of reſiſtance; but 
10 very little, as to leave it doubtful, whether the ef- 
fect did not ariſe from ſome other latent cauſe *. 


Caae II 


Concerning the cauſe, which keeps in 
motion the primary planets. 

C INE the planets move in a void ſpace and are 

| free from reſiſtance 3 they, like all other bodies, 

# when once in motion, would move on in a ſtraighr 


line without end, if left to themſelves. And it is now 


to be explained what kind of action upon them carries 


them round the ſun. Here I ſhall treat of the primary 


planets only, and diſcourſe of the ſecondary apart in the 
next chapter. It has been juſt now declared, that theſe 
primary planets move ſo about the ſun, that a line ex- 


tended from the ſun to the planet, will, by accompa- 
nying the planet in its motion, paſs over equal ſpaces in 


equal portions of timeb. And this one property in the 


motion of the planets proves, that they are continually 9 
acted on by a power directed perpetually to the fun as a 
center. This therefore is one property of the cauſe, 5 


. ®Princ. philoſ. pag. 316, 317. 
b Chap. 1. F. 7. 
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which keeps the planets in their courſes, that it is a cen- 
tripetal power, whole center is the ſun. 

2. AGAIN, inthe chapter upon centripetal forces“ 
it was obſerv'd, that if the ſtrength of the centripetul 
power was 1 accommodated every where to the 
motion of any body round a center, the body might be 
_ carried in any bent line whatever, whoſe concavity ſhould 
be every where turned towards the center of the force. 
It was further remarked, that the ſtrength of the cen- 
tripetal force, in each place, was to be collected from 
the nature of the line, wherein the body movedꝰ. Now 
ſince cach planet moves in an ellipſis, and the ſun is pla- 
ced in one focus; Sir IS AAC NREWTrON deduces 
from hence, that the ſtrength of this power is recipro- 
cally in the duplicate proportion of the diſtance from 
the ſun. This is deduced from the properties, which 
the geometers have diſcovered in the ellipſis. The pro- 
ceſs of the reaſoning is not proper to be enlarged upon 
here; but I ſhall endeavour to explain what is meant 
by the reciprocal duplicate proportion. Each of the 

terms reciprocal proportion, aud duplicate proportion, 
has been already defined®. Their ſenſe when thus uni- 
ted is as follows. Suppoſe the planet moved in the orbit 
ABC (in fig. 93.) about the ſun in S. Then, when 
it is ſaid, that the centripetal power, which acts on the 
planet in A, bears to the power acting on it in B a 
proportion, which is the reciprocal of the duplicate 

roportion of the diſtance S A to the diſtance SB; 
it is meant that the power in A bears to the power in 
B the duplicate of the proportion of the diſtance SB to 

to the diſtance 8 A. The reciprocal duplicate propor- 
tion may be explained alſo by numbers as follows. Sup- _ 
poſe ſeveral diſtances to bear to each other proportions 
expreſſed by the numbers 1, 2, 3, 4, 5; that is, let 


Book I. Chap. 3. | 
d Book I. Ch. 3. $ 29. + 
© Ibid, Ch. 2, $ 30, 17. 
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the ſecond diſtance be double the firſt, the third be 
three times, the fourth four times, and the fifth five 
times as great as the firſt. Multiply each of theſe num- 
bers by it ſelf, and rt multiplied by 1 produces ſtill 1, 
2 multiplied by 2 1 4, 3 by 3; 9, 4by 4 
makes 16, and 7 by 5 gives i his being done, 
the fractions 1, 5. 4, 3, will reſpectively expreſs the 
proportion, which the centripetal power in each of 
the following diſtances bears to the power at the firſt 
diſtance: for in the ſecond diſtance, which is double 
the firſt, the centripetal power will be one fourth part 
only of the power at the firſt diſtance; at the third 
diſtance the power will be one ninth part only of the 
firſt power z at the fourth diſtance, the power will 
be but one ſixteenth part of the firſt ; and at the 
fifth diſtance, one twenty fifth part of the firſt power. 
3. Tu us is found the proportion, in which this 
centripetal power decreaſes, as the diſtance from the 
ſun increaſes, within the compaſs of one planet's mo- 
tion, How it comes to paſs, that the planet can be 
carried about the ſun by this centripetal power in a con- 
_ tinual round, ſometimes riſing from the ſun, then de- 
ſcending again as low, and from thence be carried up 
again as far remote as before, alternately riſing and fal- 
ling without end; appears from what has been written 
above concerning centripetal forces: for the orbits of 
the planets reſemble in ſhape the curve line propoſed in 
$17 of the chapter on theſe forces. HE 
4. Bo r farther, in order to know whether this cen- 
tripetal force extends in the ſame proportion through- 
out, and conſequently whether all the planets are in- 
fluenced by the very fame power, our author proceeds 
thus. He enquires what relation there ought to be 
between the periods of the different planets, provided 
they were acted upon by the ſame power decreaſing 
throughout in the forementioned proportion; and he 


. © Book I. Ch. 3. ga | 
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144 Sir TS AAC NEWTON 's Book II. 
finds, that the period of each in this caſe would have 
that very relation to the greater axis of its orbit, as I 
have declared above * to be found in the planets by 
the obſervations of aſtronomers. And this puts it be- 
yond queſtion, that the different planets are preſſed to- 
wards the ſun, in the fame proportion to their diſtan- 
ces, as one planer is in its ſeveral diftances. And thence 
in the laſt place it is juſtly concluded, that there is ſuch 
a power bing towards the ſun in the foreſaid propor- 
tion at all diſtances from it. e 
F. THIS power, when referred to the planets, our 


author calls centripetal, when to the ſun attractive; he 


gives it likewiſe the name of gravity, becauſe he finds 
it to be of the ſame nature with that power of gravity, 
which is obſerved in our earth, as will appear 1 08 
ter ®. By all theſe names he deſigns only to ſignify a 
new endued with the properties before mentioned 

ut by no means would he have it underſtood, as if 
theſe names referred any way to the cauſe of it. In par- 
ticular in one place where he uſes the name of attrac- 
tion, he cautions us expreſly againſt implying any 


thing but a power directing a body to a center without 


any reference to the cauſe of ir, whether refiding in 

Ait center, or arifing from any external impulſe ©. 
56. Bo r now, in thefe demonſtrations ſome very mi- 
nute inequalities in the motion of the planets are ne- 
pleted; which is done with a great deal of judgment; 
for whatever be their cauſe, the effects are very incon- 
ſiderable, they being ſo exceeding ſmall, that ſome a- 
ſtronomers have thought fit wholly to paſs them by *. 
However the excellency of this philoſophy, when in 
the hands of ſo great a geometer as our author, is ſuch, 
that it is able to trace the leaſt variations of things up to 
their cauſes. The only inequalities, which have Fern 
obſerved common to all the planets, are the motion of 
the aphelion and the nodes. The tranſverſe axis of each 

2 Ch. 1. $7 d Chap. 3.5 8. 5 
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orbit does not always remain fixed, but moves about 
the ſun with a very {low progreſſive motion: nor do 
the planets keep conſtantly the ſame plane, but change 
them, and the lines in which thoſe planes interſect each 
_ other by inſenſible degrees. The firſt of theſe inequa- 
lities, which is the motion of the aphelion, may be 
accounted for, by ſuppoſing the gravitation of the 
planets towards the ſun to differ a little from the 
forementioned reciprocal duplicate proportion of the 
diſtances ; but the ſecond, which is the motion of the 
nodes, cannot be accounted for by any power directed 
towards the fun; for no ſuch can give the planet any 
lateral impulſe to divert it from the plane of its motion 
into any new plane, but of neceſſity muſt be derived 
from ſome other center. Where that power is lodged, 
remains to be diſcovered. Now it is proved, as ſhall 
be explained in the following chapter, that the three 
primary planets Saturn, Jupiter, and the earth, which 
have ſatellites revolving about them, are endued with 
a power of cauſing bodies, in particular thoſe fatellites, 
to gravitate towards them with a force, which is reci- 

ocally in the duplicate proportion of their diſtances ; 
and the planets are in all reſpects, in which they come 
under our examination, ſo ſimilar and alike, that there 
zs no reaſon to queſtion, but they have all the ſame pro- 
| perty. Though it be ſufficienc for the preſent pur- 
| Pole to have it proved of Jupiter and Saturn only; for 
theſe: planets contain much greater quantities of matter 
than the reſt, and proportionally exceed the others in 
power. But the influence of theſe two planets be- 
mg allowed, it is evident how the planets come to 
ſhift continually their planes: for each of the planets 
moving in a different plane, the action of Jupiter and Sa- 
turn upon the reſt will be oblique to rhe planes of 
their motion; and therefore will gradually draw them 
into new ones. The fame action of theſe two planets 
upon the reſt will cauſe likewiſe a progreſſive motion 
SE See Chap. 5. $ 9, &c. 5 
L of 


146 Sir TSAACNEVWTON's Book II. 
of the aphelion; ſo that there will be no neceſſity of 
having recourſe to the other cauſe for this motion, 
which was before hinted ar * ; viz. the gravitation of 
the planets towards the ſun differing from the exact re- 
ciprocal duplicate proportion of the diſtances. And in 
the laſt place, rhe action of Jupiter and Saturn upon 
each other will produce in their motions the ſame ine- 
qualities, as their joint action produces in the reſt. All 
this is effected in the ſame manner, as the ſun produ- 
ces the ſame kind of inequalities and many others in the 
motion of the moon and the other ſecondary planers 
and therefore will be beſt apprehended by what ſhall 
be ſaid in the next chapter. Thoſe other irregularities 
in the motion of the ſecondary planets have place like- 
wiſe here; but are too minute to be obſervable : be- 
cauſe they are produced and rectified: alternately, for 
the molt part in the time of a ſingle revolution; where- 
as the motion of the aphelion and nodes, which con- 
tinually increaſe, become ſenſible in a long ſeries of 
years. Vet ſome of theſe other inequalities are diſcer- 
nible in Jupiter and Saturn, in Saturn chiefly; for 
when Jupiter, who moves faſter than Saturn, approach- 
es near to a conjunction with him, his action upon 
Saturn will a little retard the motion of that planet, 
and by the reciprocal action of Saturn he will him- 
ſelf be accelerated. After conjunction, Jupiter will a- 
gain accelerate Saturn, and be like wiſe retarded in the 
lame degree, as before the firſt was retarded and the 
latter accelerated. Whatever inequalities beſides are 

produced in the motion of Saturn by the action of 
Jupiter upon that planet, will be ſufficiently rectified, 
by placing the focus of Saturn's ellipſis, which ſhould 
. otherwiſe. be in the ſun, in the common center of 
gravity of the ſun and Jupiter. And all the inequa- 
lities in the motion of Jupiter, cauſed by Saturn's ac- 
tion upon him, are much leſs conſiderable than the ir- 
regularities of Saturn's motion. e bo! 
2 In the foregoing page. b See Newton. Princ. Lib. III. prop. 13. 
5 = | | 7 Tais 
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7 TRIõ one principle therefore of the planets hav- 
ing a power, as well as the ſun, to cauſe bodies to 
gravitate towards them, which is proved by the mo- 
tion of the ſecondary planets to obtain in fact, explains 
all the irregularities relating to the planets ever obſer- 
ved by aſtronomers. | W 1 

8 Sir IS AAC NEWTON after this proceeds x 
make an improvement in aſtronomy by applying is 
theory to the farther correction of their motion For 
as we have here obſerved the planets to poſſeſs A Prin- | 
ciple of gravitation,. as well as the ſun; fo it:wilt-be 1 
explained at large hereafter, that the third law of mo- 
tion, which makes action and reaction equal, is to be 
applied in this cafe *; and that the ſun does not only 
attract each planet, but is it ſelf alſo attracted by them; 
the force, where with the planet is acted on, bearing 
to the force, wherewith the ſun it ſelf is acted on at 
the ſame time, the proportion, which the quantity of 

matter in the ſun bears to the quantity of matter in 
the planet. From the action between the fam; and pla- 
net being thus mutual Sir Is a a c NEWTGN proves 
that the ſun and planet will deſeribe about their com- 
mon center of gravity ſimilar ellipſis's; and then that 
the tranſverſe axis of the ellipſis deſcribed thus about 
the moveable ſun, will bear to the tranſverſe axis of 
the ellipſis, which would be deſcribed about the ſun 
at reſt in the ſame time, the ſame proportion as the 
quantity of ſolid matter in the ſun and planet toge- 
ther bears to the firſt of two mean proportionals be- 
tween this quantity and the quantity of matter in the 
WAR. 5575 1 oO AGRI RT 
9 ABove, where I ſhewed how to find a cube, 
that ſhould bear any proportion to another cube ©, the 
lines FT and TS are two mean proportionals be- 
tween E F and FG; and counting from EF, FT 
is called the firſt, and FS the ſecond of thoſe means. "AER 
In numbers theſe mean proportionals are thus found. 1 
* Chap. 5.$ 10. Þ Prince. Lib, I. prop. 60. © Book I. Chap. 2. 5 80. 4-5 
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148 Sir TS AAC NEWTON's Book H. 
Suppoſe A and B two numbers, and it be required to 
find C the firſt, and D the ſecond of the two 


A C mean proportionals between them. Firſt mul- 


B D tiply A by it ſelf, and the product multiply by 
a B; then C will be the number which in arith- 

metic is called the cubic root of this laſt product; that 
is, the number C being multiplied by it ſelf, and the 
product again multiplied by the ſame number C, will 


produce the product above mentioned. In like man- 


ner D is the cubic root of the product of B multi- 
plied by it ſelf, and the produce of that multiplication 
multiplied again by A. 1 
10. Ir will be asked, perhaps, how this correction 
can be admitted, when the cauſe of the motions of 
the planets was before found by ſuppoſing the ſun the 


center of the power, which acted upon them: for ac- 


cording to the preſent correction this power appears 


rather to be directed to their common center of gra- 
vity. But whereas the ſun was at firſt concluded to 
be the center, to which the power acting on the pla- 
nets was directed, becauſe the ſpaces deferibed round 
the ſun in equal times were found to be equal; fo 
Sir Is AAC New TON proves, that if the ſun and 


planet move round their common center of gravity, 
yet to an eye placed in the planet, the ſpaces, which 
will appear to be deſcribed about the ſun, will have 


the fame relation to the times of their deſcription, as 
the real ſpaces would have, if rhe ſun were at reſt *. 
I farther aſſerted, that, ſuppoſing the planets to move 
round the ſun at reſt, and to be attrafted by a power, 


which every where ſhould act with degrees of ſtrength 


reciprocally in the duplicate proportion of the diſtan- 
ces; then the periods of the planets muſt obſerve the 
fame relation to their diſtances, as aſtronomers find 
them. to do. But here it muſt not be ſuppoſed, that 
the obſervations of aſtronomers abſolutely agree with- 
| +, out any the leaſt difference; and the preſent correcti- 
Fs 2. Princ, philoſ. Lib, I. prop. 38. coroll, 3, 
- 8 on 


Chap. 2. 
on will not cauſe a deviation from any one aſtrono- 


mer's obſervations, ſo much as they differ from one 
another. For in Jupiter, where this correction is 


greateſt, it hardly amounts to the 30000 part of the 


whole axis. 


11. Uro this head I think it not improper to 


mention a reflection made by our excellent author up- 
on theſe ſmall inequalities in the planets motions; which 
contains under it a very ſtrong philoſophical argument 
gainſt the eternity of the world. It is this, that 
theſe inequalities muſt continually increaſe by ſlow de- 
grees, till they render at length the preſent frame of 
nature unfit for the purpoſes, it now ſerves*. And 
and a more convincing proof cannot be deſired againſt 
the preſent conſtitution's having exiſted from eternity 
than this, that a certain period of years will bring it 

to an end. I am aware this thought of our author 
has been repreſented even as impious, and as no leſs 
than caſting a reflection upon the wiſdom of the au- 
thor of nature, for framing a periſhable work. But 
I think ſo bold an aſſertion ought to have been made 
with ſingular caution. For if this remark upon the 
increaſing irregularities of the heavenly motions be true 
in fact, as it really is, the imputation muſt return up- 
on the aſſerter, that this does detract from the divine 
wiſdom. Certainly we cannot pretend to know all 
the omniſcient Creator's purpoſes in making this world, 
and therefore cannot undertake to determine how long 
he deſigned it ſhould laſt. And it is ſufficient, if it 


> 


' . endure the time intended by the author. The body | 


of every animal ſhews the unlimited wiſdom of its au- 
thor no leſs, nay in many reſpe&s more, than the lar- 
zer frame of nature; and yet we fee, they are all de- 
igned to laſt but a ſmall ſpace of time. 8 
12. There need nothing more be ſaid of the primary 
planets; the motions of the ſecondary ſnall be next 
eanſidere. t. re 
BED *. Newt, Optics, page 378. 
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e AP. HB. 
Of the motion of the MOON and 
the other SECONDARY PLA- 
—_—__ 
THE excellency of this philoſophy ſufficiently ap- 


, pears from its extending in the manner, which 


has been related, to the minuteſt Circumſtances of the 


primary. planets motions ; which nevertheleſs bears no 


proportion to the vaſt Succeſs of it in the motions of 
the ſecondary ; for it not only accounts for all the ir- 
regularities, by which their motions were known to 
be diſturbed, but has diſcovered others fo complicated, 
that aſtronomers were never able to diſtinguiſh them, 
and reduce them under proper heads; bur theſe were 


only to. be found out from their cauſes, which this phi- 


loſophy has brought to light, and has ſhewn the depen- 
dence of theſe inequalities upon ſuch cauſes in ſo per- 
feet a manner, that we not only learn from thence in 
general, what thoſe inequalities are, but are able to 
compute the degree of them. Of this Sir IS. NE w- 
ro has given ſeveral ſpecimens, and has moreover 

found means to reduce the moon's motion ſo com- 
pletely to rule, that he has framed a theory, from 
which the place of that planet may at all times be 


computed, very nearly or altogether as exactly, as the 
places of the primary planets themſelves, which is much 


| N what the greateſt aſtronomers could ever ef- 
213. Tmax firſt thing demonſtrated of theſe ſeconda- 
condary planets is, that they are drawn towards their 
reſpective primary in the ſame manner as the primary 
planets are attracted by the ſun. That each ſecondary 
Planet is kept in its orbit by a power pointed * 


Een 


n 


4.65. mm. Hy 360 


— 


the center of the primary planet, about which the ſe- 
condary revolves; and that the power, by which the 


ſecondaries of the fame primary are influenced, bears 


the ſame relation to the diſtance from the primary, as 
the power, by which the primary planets are guided, 
does in regard to the diſtance from the ſun*. © This is 
proved in the fatellites of Jupiter and, Saturn, becauſe 
they move in circles, as far as we can obſerve, about 


their reſpective primary with an equable courſe, the 
reſpective primary being the center of each orbit: and 


by comparing the times, in which the different ſatelli- 
tes of the ſame primary perform their periods, they 
are found to obſerve the ſame relation to the diſtances 
from their primary, as the primary planets obſerve in 
reſpect of their mean diſtances from the ſun*. Here 
theſe bodies moving in circles with an equable motion, 
each ſatellite paſſes over equal parts of its orbit in e- 

ual portions of time; conſequently the line drawn 
from the center of the orbit, that is, from the pri- 
mary planet, to the ſatellite, will paſs over equal ſpa- 


ces along with the ſatellite in equal portions of time; 


which proves the power, by which each ſatellite is held 
in its orbit, to be pointed towards the primary as a 
center. It is alſo manifeſt that the centripetal power, 
which carries a body in a circle concentrical with the 
power, acts upon the body at all times with the ſame 
ſtrength. But Sir IS AAC NEwrToN demonſtrates 
that, when bodies are carried in different circles by 
centripetal powers directed to the centers of thoſe cir- 
cles, then the degrees of ſtrength of thoſe powers are 
to be compared by conſidering the relation berween the 
times, in which the bodies perform their periods thro? 
thoſe circles ; and in particular he ſhews, that it the 
periodical times bear ha relation, which I have juſt 
now aſſerted the ſatellites of the fame primary to ob» 


prop. 1. (2 Book I. Ch. 3. $29. 
d Newton, Princ, Lib. III. pag, 4 Princ. philoſ. Lib. 1. prop. 4. 
Et | ſerve; 


Newton, Prine, Lib. III. | 390, 391. compared with p. 393, 
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ſerve; then the centripetal powers are reciprocally in 
the duplicate proportion of the ſemidiameters of the 
circles, or in that proportion to the diſtances of the 
bodies from the centers. Hence it follows that in 
the planets Jupiter and Saturn, the centripetal power 
in each decreaſes with the increaſe of diſtance, in the 
ſame proportion as the centripetal power 8 
to the ſun decreaſes with the increaſe of diſtance. I 


do not here mean that this proportion of the centri- 


petal powers holds between the power of Jupiter at 
any diſtance compared with the power of Saturn at any 
other diſtance; but only in the change of ſtrength of 


the power belonging to the ſame planet at different di- 


ſtances from him. Moreover what is here diſcovered 
of the planets Jupiter and Saturn by means of the dif- 
ferent ſatellites, which revolve round each of them, 
appears in the earth by the moon alone; becauſe ſhe 


is found to move round the earth in an ellipſis after 


the ſame manner as the primary planets do about the 
ſun; excepting only ſome ſmall irregularities in her 


motion, the cauſe of which will be particularly ex- 
plained in what follows, whereby it will appear, that 
they are no objection againſt the earth's acting on the 


moon in the ſame manner as the ſun acts on the pri- 
mary planets; that is, as the other primary planets 
1 and Saturn act upon their ſatellites. Certain- 
ly ſince theſe irregularities can be otherwiſe accoun- 
ted for, we ought not to depart from that rule of in- 
duction fo neceſſary in philoſophy, that to like bodies 
like properties are to be attributed, where no reaſon 
to the contrary appears. We cannot therefore but a- 
ſcribe ro the earth the ſame kind of action upon the 
moon, as the other primary planets Jupiter and Saturn 
have upon their ſatellites; which is known to be very 
exactly in the proportion aſſigned by the method of 
comparing the periodical times and diſtances of all the 


Gtellies, which move about the fame planet; this 


Ibid. coroll. 
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abundantly compenſating our not being near enough to 


obſerve the exact figure of their orbits. For if the 


little deviation of the moon's orbit from a true per- 
manent᷑ ellipſis aroſe from the action of the earth upon 
the moon not being in the exact reciprocal duplicate 
proportion of the diſtance, were another moon to re- 


volve about the earth, the proportion between the pe- 


riodical times of this new moon, and the preſent, would 
diſcover the deviation from the mentioned proportion 
much more manifeſtly. : 

3. By the number of ſatellites, which move round 
Jupiter and Saturn, the power of each of theſe pla- 
nets is meaſured in a great diverſity of diſtance; for 
the diſtance of the outermoſt ſatellite in each of theſe 
planets exceeds ſeyeral times the diſtance of the inner- 
moſt. In Jupiter the aſtronomers have uſually placed 
the innermoſt ſatellite at a diſtance from the center of 
that planet equal to about 53 of the ſemidiamers of Ju- 
piter's body, and this ſatellite performs its revolution 
in about 1 day 18% hours. The next ſatellite, which 
revolves round Jupiter in about 3 days 1 35 hours, they 
place at the diſtance from Jupiter of about 9 of that 
planet's ſemidiameters. To the third ſatellite, which 
performs its period nearly in 7 days 34 hours, they aſ- 
ſign the diſtance of about 145 ſemidiameters. But the 
- outermoſt ſatellite they remove to 253 ſemidiameters, 
and this ſatellite makes its period in about 16 days 163 
hours*. In Saturn there is {till a greater diverſity in 
the diſtance of the ſeveral ſatellites. By the obſerva- 
tions of the late CAss INI, a celebrated aſtronomer 
in France, who firſt diſcovered all theſe ſatellites, except 
one known before, the innermoſt is diſtant about 44 of 


Saturn's ſemidiameters from his center, and revolves. 


round in about 1 day 214 hours. The next fatellite 
is diftant about 54 ſemidiameters, and makes its period 
in about 2 days 17; hours. The third is removed to 
The diſtance of about 8 ſemidiameters, and performs its 

| 2 Newt. Princ, philoſ. Lib. III. pag. 390. 
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revolution in near 4 days 125 hours. The fourth ſa- 
tellite diſcovered firſt by the great Hv GE Ns, is 
near 183 ſemidiameters, and moves round Saturn in a- 


bout 15 days 223 hours. The outermoſt is diſtant 56 
ſemidiameters, and makes its revolution in about 79 


days 75 hours. Beſides theſe ſatellites, there belongs 


to the planet Saturn another body of a very ſingular 
kind. This is a ſhining, broad, and flat ring, which 


encompaſſes the planet round. The diameter of the 
outermoſt verge of this ring is more than double the 


diameter of Saturn. - Hu v ENS, who firſt deſcribed 


this ring, makes the whole diameter thereof to bear 


to the diameter of Saturn the proportion of 9 to 4. 


The late reverend Mr. Po ND makes the proportion 


ſomething greater, viz. that of 7 to 3. Ihe diſtan- 


ces of the ſatellites of this planet Saturn are compared 


by CAssINI to the diameter of the ring. His num- 


bers I have reduced to thoſe above, according to Mr. 
PouNnpD's proportion between the diameters of Sa- 


turn and of his ring. As this ring appears to adhere 
no where to Saturn, ſo the diſtance of Saturn from the 
inner edge of the ring ſeems rather greater than the 
breadth of the ring. The diſtances, which have here 
been given, of the ſeveral ſatellites, both for Jupiter 
and Saturn, may be more depended on in relation to 


the proportion, which thoſe belonging to the ſame 


primary planet bear one to another, than in reſpect to 
the very numbers, that have been here ſet down, by 


reaſon of the difficulty there is in meaſuring to the 


greateſt exactneſs the diameters of the primary planets; 


| as will be explained hereafter, when we come to treat 
of teleſcopess. By the obſervations of the foremen- 


tioned Mr. PouNnD, in Jupiter the diſtance of the 


: innermoſt ſatellite ſhould rather be abour 6 ſemidia- 
meters, of the ſecond 97 of the third 15, and of the 
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outermoſt 263; and in Saturn the diſtance of the in- 
nermoſt ſatellite 4 ſemidiameters, of the next 65, of the 
third 83, of the fourth 203, and of the fifth 79d. How- 
ever the proportion between the diſtances of the ſatel- 
lites in the ſame primary is the only thing neceſſary to 
the point we are here upon. 


4. Bur moreover the force, wherewith the earth 
acts in different diſtances, is confirmed from the fol- 
lowing conſideration, yer more expreſly than by the 
preceding analogical reaſoning. It will appear, that if 


the power of the earth, by which it retains. the moon 


in her orbit, be ſuppoſed to act at all diſtances be- 
tween the earth and moon, according to the foremen- 


tioned rule; this power will be fufficient to produce 


upon bodies, near the ſurface of the earth, all the ef- 
fects aſcribed to the principle of gravity. This is diſ- 

covered by the following method. Let A (in fig. 94.) 
repreſent the earth, B the moon, BCD the moon's 
orbit, which differs little from a eircle, of which A 
is the center. If the moon in B were left to it ſelf to 
move with the velocity, it has in the point B, it would 
leave the orbit, and proceed right forward in the line 
B E, which touches the orbit in B. Suppoſe the moon 
would upon this condition moye from B to E in the 
ſpace of one minute of time. By the action of the 
earth upon rhe moon, whereby it is retained in its or- 


bit, the moon will really be found at the end of this 
minute in the point F, from whence a ſtraight line 


drawn to A ſhall make the ſpace B F A in the circle 


equal to the triangular ſpace B E A; fo that the moon 
in the time wherein it would have moved from B to 


E, if left to it ſelf, has been impelled towards the 
earth from E to F. And when the time of the moon's 
paſſing from B to F is ſmall, as here it is only one mi- 

nute, the diſtance between E and F ſcarce differs from 
the ſpace, through which the moon would deſcend in 
© 4 Newt, Princ, philoſ. Lib. | b Ibid, pag. 39%  * 
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the ſame time, if it were to fall directly down from 


B toward A without any other motion. AB the di- 
ftance of the earth and moon is about 60 of the carth's 


ſemidiameters, and the moon completes her revolution 
round the earth in about 27 days 7 hours and 43 mi- 


nutes: therefore the ſpace E F will here be found by 
computation to be about 16; feet. Conſequently, if 


the power, by which the moon is retained in its orbit, 


be near the ſurface of the earth greater, than at the 


diſtance of the moon in the duplicate proportion of 
that diſtance; the number of fect, a body would de- 


ſcend near the ſurface of the earth by the action of 
this power upon it in one minute of time, would be 
equal to 165 multiplied twice into the number 60, that 
is, equal to 78070. But how faſt bodies fall near the 


ſurface of the earth may be known by the pendulum *; 


and by the exacteſt experiments they are found to de- 


ſcend the ſpace of 16; feet in a ſecond of time; and 
the ſpaces deſcribed by falling bodies being in the du- 


plicate proportion of the times of their fall *, the 
number of feet, a body would deſcribe in its fall near 
the ſurface of the earth in one minute of time, will 
be equal to 16; twice multiplied by 60, the ſame as 
would be cauſed by the power which acts upon the 


, 


moon. | 


F. In this computation the earth is ſuppoſed to be 
at reſt, whereas it would have been more exact to have 


{ſuppoſed it to move, as well as the moon, about their 
common center of gravity z as will eaſily be underſtood, 


by what has been ſaid in the preceding chapter, where 


it was ſhewn, that the ſun is ſubjected to the like mo- 

tion about the common center of gravity of it ſelf 

and the planets. The action of the ſun upon the moon, 
which is to be explain'd in what follows, is likewiſe 
here neglected: and Sir IS AAC N EWTON ſhews, 


if you take in both theſe conſiderations, the preſent 
computation will beſt agree to a ſome what greater di- 
| ® See Book I. Ch. 2. § 60, 64. b Book I. Ch. 2.$ 17. 
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ſtance of the moon and earth, viz. to 605 ſemidiame- 
ters-of the earth, which diſtance is. more conformable 
to aſtronomical obſervations. | 

6. THESE computatians afford an additional proof, 
that the action of the earth obſerves the ſame propor- 
tion to the diſtance, which is here contended for. Be- 
fore II ſaid, it was reaſonable to conclude ſo by inducti- 
on from the planets Jupiter and Saturn; becauſe they 
act in that manner. But now the ſame thing will be 
evident by drawing no other conſequence from what 
is ſeen in thoſe planets, than that the power, by which 
the primary planets act on their ſecondary, is extended 
from the primary through the whole interval between, 
ſo that it would act in every part of the intermediate 
ſpace. In Jupiter and Saturn this power is ſo far from 
being confined to a ſmall extent of diſtance, that it not 


only reaches to ſeveral ſatellites at very different diſtan- 


ces, but alſo from one planet to the other, nay even 
through the whole planetary ſyſtem*. Conſequently 
there is no appearance of reaſon, why this power ſhould 
not act at all diſtances, even at the very ſurfaces of 
theſe planets as well as farther off. But from hence it 
follows, that the power, which retains the moon in 
her orbit, is the ſame, as cauſes bodies near the ſurface 
of the earth to gravitate. For ſince the power, by 


which the earth acts on the moon, will cauſe bodies 


near the ſurface of the earth to deſcend with all the 
velocity they are found to do, it is certain no other 
power can act upon them beſides; becauſe if it did, 
they muſt of neceſſity deſcend ſwifter. Now from all 
this it is at length very evident; that the power in the 
earth, which we call gravity, extends up to the moon, 


and decreaſes in the duplicate proportion of the in- 


creaſe of the diſtance from the earth. £ 


7. Tris finiſhes the diſcoveries made in the action 


of the primary planets upon their ſecondary. The 
next thing to be ſhewn is, that the ſun acts upon them 
| _ * See Ch. II. 5 6, | | 5 
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likewiſe : for this purpoſe it is to be obſerved, that if to 
the motion of the ſatellite, whereby it would be carri- 
ed round its primary at reſt, be ſuperadded the fame 
motion both in regard to velocity and direction, as the 
primary it ſelf has, it will deſcribe about the primary 
the ſame orbit, with as great regularity, as if the pri- 


mary was indeed at reſt. The cauſe of this is that lar 


of motion, which makes a body near the ſurface of 


the earth, when let fall, to deſcend perpendicularly, 


though the earth be in ſo ſwift a motion, that if the 
falling body did not partake of it, its deſcent would 
be remarkably oblique; and that a body projected de- 
ſcribes in the moſt regular manner the fame parabola, 
whether projected in the direction, in which the earth 
moves, or in the oppoſite direction, if the projecting 
force be the fame*. From this we learn, that if the 
ſatellite moved about its primary with perfect regulari- 


ty, beſides its motion about the primary, it would par- 


ticipate of all the motion of its primary; have the 
ſame progreſſive velocity, with which the primary is 
carried about the ſun; and be impelled with the ſame 


velocity as the primary towards the ſun, in a direction 


parallel to that impulſe of its primary. And on the 
contrary, the want of either of theſe, in particular of 
the impulſe towards the ſun, will occaſion great ine- 
qualities in the motion of the ſecondary planet. The 
Inequalities, which would ariſe from the abſence of this 
impulſe towards the ſun are ſo great, that by the re- 


gularity, which appears in the motion of the ſecondary 


planets, it is proved, that the fun communicates the 
ſame velocity to them by its action, as it gives to their 
primary at the ſame diſtance. For Sir IS AAC NE w- 


rom informs us, that upon examination he found, 


tbat if any of the ſatellites of Jupiter were attracted 


by the ſun more or leſs, than Jupiter himſelf at the 
ſame diſtance, the orbit of that ſatellite, inſtead of be- 
ing concentrical to Jupiter, muſt have its center at a 
The ſecond of the laws of motion laid down in Book I. Ch. 1. 
© Dus T | greatcr 
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greater or leſs diſtance, than the center of Jupiter from 
the ſun, nearly in the ſubduplicate proportion of the 

difference between the ſun's action upon the ſatellite, 


and upon Jupiter; and therefore if any ſatellite were 


atrracted by the ſun but 1858 part more or leſs, than 
Jupiter. is at the ſame diſtance, the center of the orbit 
of that ſatellite would be diſtant from the center of 
Jupiter no leſs than a fifth part of the diſtance of the 


outermoſt ſatellite from Jupiter“; which is almoſt the 


- whole diſtance of the innermoſt fatellite. By the like 

argument the ſatellites of Saturn gravitate towards the 
ſun, as much as Saturn ir ſelf ar the ſame diſtance; and 
the moon as much as the eartn. f 


. 
? «+ £ 


8. Tuvus is proved, that the ſun acts upon the ſe- 


condary planets, as much as upon the primary at the 
ſame diſtanee: but it was found in the laſt chapter, 


that the action of the ſun upon bodies is reciprocally 


in the duplicate proportion of the diſtance; therefore 
the ſecondary planets being ſometimes nearer to the ſun 
than the primary, and ſometimes more remote, they 
are not always acted upon in the ſame degree with 
their primary, but when nearer to the ſun, are attrac- 
ted more, and when farther diſtant, are attra cted leſs: 
Hence ariſe various inequalities in the motion of the 
ſecondary her 4 6. lnicklo: 481 
9. SOME of theſe inequalities would take place, 

though the moon, if undiſturbed by the ſun, would 
have moved in a circle concentrical to the earth, and 
in the plane of the earth's motion; others depend on 
the elliptical figure, and the oblique ſituation of the 
moon's orbit. One of the firſt kind is, that the moon 
is cauſed fo to move, as not to deſcribe equal ſpaces in 
equal times, but is continually accelerated, as ſhe paſ- 
ſes from the quarter to the new or full, and is retard- 
ed again by the like degrees in returning from the new 
and full to the next quarter. Here we conſider not 
Newton. Princ. philoſ. Lib. III. prop. 6. pag. 401. | 
b Newton's Prin. philoſ. Lib. III. prop. 22, 23, 


ſo 
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4 ſo much the abſolute, as the apparent motion of the - 
4 moon in reſpect to us. | As rn 
10. THe principles of aſtronomy teach how to di- 2 
1 ſtinguiſh theſe two motions. Let S (in fig. vr.) re- als 
[ reſent the ſun, A the earth moving in its orbit B C, | 12 
| DEF G the moon's orbit, the place of the moon H. alte 
4 Suppoſe the earth to have moved from A to I. Be- b 
1 cauſe it has been ſhewn, that the moon partakes of all _ 
| the progreſſive motion of the earth; and likewiſe that 3 
| the lun attracts both the earth and moon equally, when 2 
4 they are at the ſame diſtance from it, or that the mean the 
6 action of the ſun upon the moon is equal to its action AY 
: upon the earth: we muſt therefore conſider the earth ah 
| as carrying about with it the moon's orbit; fo that whe 
0 when the earth is removed from A to I, the moon's n 
orbit ſhall likewiſe be removed from its former ſitu - G 
| tion into that denoted by KL MN. But now the the 
| 2 in I, if the moon were found in O, ſo * 
that O I ſhould be parallel to H A, though the moon G. 
would really have moved from H to O, yet it would Th 
not have 8 to a ſpectator upon the earth to che 
| have moved at all, becauſe the earth has moved as "al 
| much it ſelf; fo that the moon would ſtill appear in yp 
| the ſame place with reſpect to the fixed ftars. But if os 
| the moon be obſerved in P, it will then appear to H 
| have moved, its apparent motion being meaſured by wine 
| the angle under OIP. And if the angle under PIS © in 
be leſs than the angle under HAS, the moon will 7 
|| | x approached nearer to its conjunction with the r 
11. To come now to the explication of the men- = 
| tioned inequality in the moon's motion: let 8 (in fig. b 
l 96.) repreſent the ſun, A the earth, BCD E the 0 
moon's orbit, C the place of the moon, when in the N 
| Hatter quarter. Here it will be nearly at the fame di- w 
| ſtance from the ſun, as the earth is. In this caſe all 
| therefore they will both be equally attracted, the earth 25 


in the direction AS, and the moon in the direction CS. 
N Whence 


'Whence as the earth in moving round the ſun is con- 
tinually deſcending toward it, ſo the moon in this ſi- 
tuation muſt in any equal portion of time deſcend as 
much; and therefore the poſition of the line AC in 
| reſpe& of AS, and the change, which the moon's mo- 
tion produces in the angle under CAS, will not be 

altered by the ſun. | e 


132. Bur now as ſoon as ever the moon is advan- 
ced from the quarter toward the new or conjunction, 


ſuppoſe to G, the action of the ſun upon it will have 
a different effect. Here, were the ſun's action upon 
the moon to be applied in the direction G H parallel 
to A8, if its action on the moon were equal to its ac- 
tion on the earth, no change would be wrought by 


the ſun on the apparent motion of the moon round the 


earth. But the moon receiving a greater impulſe in 
G than the earth receives in A, were the ſun to act in 
the direction G H, yet it would accelerate the deſcrip- 
tion of the ſpace D A G, and cauſe the angle under 
GAD to decreaſe faſter, than otherwiſe it would. 
The ſun's action will have this effect upon account of 
the obliquity of its direction to that, in which the 
earth attracts the moon. For the moon by this means 
is drawn by two forces oblique to each other, one 
drawing from G toward A, the other from G toward 
H, therefore the moon muſt neceſſarily be impelled to- 
ward D. Again, becauſe the ſun does not a& in the 
direction G H parallel to 8 A, but in the direction G 
8 oblique to it, the ſun's action on the moon will by 
reaſon of this obliquity farther contribute to the moon's 
acceleration. Suppoſe the earth in any ſhort ſpace of 
time would have moved from A to I, if not attracted 
by the ſun ; the point I being in the ftraight line 


CE, which touches the earth's orbit in A. Sup- 
ofe the moon in the ſame time would have moved in 


her orbit from G to K, and befides have partook of 
all the progreſſive motion of the earth. Then if K 
L be drawn parallel to A 1 and taken equal to it, the 


moon, 
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moon, if not attracted by the ſun, would be found in 
L. But the eartb, by the ſun's action is removed from 
I. Suppoſe it were moved down to M in the line 


vet farther diminiſh the angle under PM N. 
13. Tus the moon at the point G receives an 
- impulſe from the ſun, whereby her motion is accelera- 
ted. And the ſun producing this effect in every place 


IMN parallel to SA, and if the moon were attrac- 
ted but as much, and in the fame direction, as the 
earth is here ſuppoſed to be attracted, fo as to have de- 
ſcended during the ſame time in the line L O, paral- 
lel alſo to A8, down as far as P, till LP were equal 
to I M, the angle under PMN would be equal to 
that under LIN, that is, the moon will appear ad- 
vanced no farther forward, than if neither ir nor the 


earth had been ſubject to the ſun's action. But this is 


upon the ſuppoſition, that the action of the ſun upon 
the moon and earth were equal; whereas the moon being 
acted upon more than the earth, did the ſun's action draw 


the moon in the line LO parallel to AS, it would 
draw it down ſo far as to make LP 13 IM; 
1 


whereby the angle under PM N will be rendred leſs, 
than that under L I N. But moreover, as the ſun draws 
the earth in a direction oblique to I N, the earth will 


be found in its orbit ſomewhat ſhort of the point M; 


however the moon is attracted by the ſun ſtill more 
out of the line LO, than the earth is out of the line 
IN; therefore this obliquity of the ſun's action will 


y # 


between the quarter and the conjunction, the moon 
will move from the quarter with a motion continually 


'more and more accelerated; and therefore by acquiring 


from time to time additional degrees of velocity in its 
orbit, the ſpaces, which are deſcribed in equal times 


by the line drawn from the earth to the moon, will 
not be every where equal, bur thoſe toward the con- 
junction will be greater, than thoſe toward the quar- 


ter. But now in the moon's paſſage from the con- 


junction 
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junction D to the next quarter the ſun's action will 
again retard the moon, till at the next quarter in E it 
be reſtored to the firſt velocity, which it had in C. 
14. AGAIN as the moon moves from E to the 
full or oppoſition to the ſun in B, it is again accele- 
rated, the deficiency of the ſun's action upon the moon, 
from what it has upon the earth, producing here the 
ſame effect as before the exceſs of its action. Conſi- 

der the moon in Q moving from E towards B. Here 
if the moon were attracted by the ſun in a direction | 
= parallel to AS, yer being acted on leſs than the earth, 

as the earth deſcends toward the fun, the moon will 43 

in ſome meaſure be left behind. Therefore QF be- ; 

ing drawn parallel to 8 B, a ſpectator on the earth would 
ſee the moon move, as if attracted from the point Q | 
in the direction QF with a degree of force equal to | 
that, whereby the ſun's action on the moon falls ſhort ; 
of its action on the earth. But the obliquity of the + 
ſun's action has alſo here an effect. In the time the | 
earth would have moved from A to I without the | 
influence of the ſun, let the moon have moved in its 
orbit from Q to R. Drawing therefore R T parallel 
to AT, and equal to the fame, for the like reaſon as 
before, the moon by the motion of its orbit, if not 
at all attracted by the ſun, muſt be found in T; and 
therefore, if attracted in a direction parallel to S A, 
would be in the line TV parallel to AS; ſuppoſe in 

W. But the moon in Q being farther off the ſun 
than the earth, it will be leſs attracted, that is, TW 
will be leſs than I M, and if the line 8 M be pro- 
longed toward X, the angle under X MW will be leſs 
than that under XI T. Thus by the ſun's action the 
moon's paſſage from the quarter to the full would be 
accelerated, if the ſun were to act on the earth and 
moon in a direction parallel to A S: and the obliquity 
of the ſun's action will ſtill more increaſe this accele- 
ration. For the action of the ſun on the moon is ob- 
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lique to the line S A the whole time of the moon's 
paſſage from Q to T, and will carry the moon out of 
the line TV toward the earth. Here I _ the 
time of the moon's paſſage from Q to T fo ſhort, that 


it ſhall not paſs beyond the line SA. The earth alſo 


will come a little ſhort of the line IN, as was faid 
before. From theſe cauſes the angle under X MW 
will be ſtill farther leſſened. 
15. TRE moon in paſling from the 3 B 
y the ſame 
degrees, as it is accelerated before its appulle to the 
oppoſition. Becauſe this action of the ſun, which in 
the moon's paſſage from the quarter to the oppoſition 
cauſes it to be extraordinarily accelerated, and diminiſh- 
es the angle, which meaſures its diſtance from the op- 
poſition; will make the moon ſlacken its pace after- 
wards, and retard the augmentation of the ſame angle 
in its paſſage from the oppoſition to the following 


quarter; that is, will prevent that angle from increat- 
ing ſo faſt, as otherwiſe it would. And thus the moon, 


by the ſun's action upon it, is twice accelerated and 


twice reſtored to its firſt velocity, every circuit it makes 


round the earth. This inequality of the moon's moti- 


on about the earth is called by aſtronomers its varia- 


16. TE next effect of the ſun upon the moon is, 


that it gives the orbit of the moon in the quarters a 


greater degree of curvature, than it would receive from 
the action of the earth alone; and on the contrary in 
the conjunction and oppoſition the orbit is leſs inflected. 
17. WEN the moon is in conjunction with the 
ſun in the point D, the ſun attracting the moen more 
forcibly than it does the earth, the moon by that 
means is impelled leſs toward the earth, than other- 
wiſe it would be, and ſo the orbit is leſs incurvated; 
for the power, by which the moon is impelled toward 


the earth, being that, by which it is infected from a 


rectilinear courſe, the leſs that power is, the leſs it 1. 
a wy be 
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be inflected. Again, when the moon is in the oppo- 
ſition in B, farther removed from the ſun than the earth 
is; it follows then, though the earth and moon are 
both continually deſcending to the ſun, that is, are 
drawn by the ſun toward it {elf out of the place they 
would otherwiſe move into, yet the moon deſcends - 
with leſs velocity than the earth; inſomuch that the 
moon in any 2 ſpace of time from its paſſing the 
point of oppoſition will have leſs approached the earth, 
than otherwiſe it would have done, that is, its orbit in 
reſpect of the earth will approach nearer to a ftraighr 
line. In the laſt place, when the moon is in the quar- 
ter in C, and equally diſtant from the ſun as the earth, 
we obſerved before, that the earth and moon would 
deſcend with equal pace toward the ſun, ſo as to make 


vo change by that deſcent in the angle under C A8; 


but the length of the line C A mult of neceſſity be 
ſhortned. Therefore the moon in moving from C to» 
ward the conjunction with the ſun will be impelled 
more toward the earth by the ſun's action, than it 
would have been by the earth alone, if neither the 
earth nor moon had been acted on by the ſun; ſo that 
by this additional impulſe the orbit is rendred more 
curve, than it would otherwiſe be. The ſame effect 
will alſo be produced in the other quarter. 

18. Another effect of the ſun's action, conſequent 
upon this we have now explained, is, that though the 
moon undiſturbed by the ſun might move in a circle 


having the earth for its center; by the ſun's action, if 


dhe earth were to be in the very middle or center of the 


moon's orbit, yet the moon would be nearer the earth 
at the new and tull, than in the quarters. In this pro» 
bably will at firſt a pear ſome Gchculry, that the moon 
ſhould come neareſt to the earth, where it is leaſt at» 
tracted to it, and be fartheſt off when moſt attracted, 
Which yet will appear evidently to follow from that 


very cauſe, by conſidering what was laſt ſhewn, that 


the orbit of the moon in the conjunction and oppoli» 
th MJ tion 
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tion is rendred leſs curve; for the leſs curve the orbit 
of the moon is, the leſs will the moon have deſcended 
from the place it would move into, without the action 
of the earth. Now if the moon were to move from 
any place without farther diſturbance from that action, 
ſince it would proceed in the line, which would touch 
its orbit in that place, it would recede continually from 
the earth; and therefore if the power of the earth up- 
on the moon, be ſufficient to retain it at the ſame di- 
ſtance, this diminution of that power will cauſe the 
diſtance to increaſe, though in a leſs degree. But on 
the other hand in the quarters, the moon, being preſ- 
ſed more towards the earth than by the earth's ſingle 
action, will be made to approach it; ſo that in paſſing 
from the conjunction or oppoſition to the quarters the 
moon muſt aſcend from the earth, and in paſſing from 
the quarters to the conjunction and oppoſition deſcend 
again, becoming nearer in theſe laſt mentioned places 
than in the other. N W 
19. ALL theſe forementioned inequalities are of dif- 
ferent degrees, according as the ſun is more or leis di- 
ſtant from the earth; greater when the earth is neareſt 
the ſun, and leſs when it is fartheſt off. For in the 
quarters, the nearer the moon is to the ſun, the grea- 
ter is the addition to the earth's action upon it by the 
power of the ſun; and in the conjunction and oppoſi- 
tion, the difference between the ſun's action upon the 
earth and upon the moon is likewiſe ſo much the grea- 
„ 9 os F 
20. THIS difference in the diſtance between the 
earth and the fun produces a farther effect upon the 
moon's motion; cauſing the orbit to dilate when leſs 
remote from the ſun, and become greater, than when 
at a farther diſtance, For it is proved by Sir IS AAC 
NEwWro, that the action of the ſun, by which it 
_ diminiſhes: the earth's power over the moon, in the 
conjunction or oppoſition, is about twice as great, as 
the addition to the earth's action by the ſun in the 
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earth upon the moon is diminiſned by the ſun, and 


therefore is moſt diminiſhed, when the action of the 


ſun is ſtrongeſt: but as the earth by its approach to 
the ſun has its influence leſſened, the moon being leſs 
attracted will gradually recede from the earth; and as 
the earth in its receſs from the ſun recovers by de- 
grees its former power, the orbit of the moon muſt 
again contract. T'wo conſequences follow from hence: 
the moon will be moſt remote from the earth, when 
the earth is neareſt the ſun; and alſo will take up a 
longer time in performing its revolution through the 
dilated orbit, than through the more contracted. 


21. THESE irregularities the fun would produce 


in the moon, if the moon, without being acted on un- 
equally by the ſun, would deſcribe a perfect circle a- 


bout rhe earth, and in the plane of the carth's motion; 


but though neither of theſe ſuppoſitions obtain in the 
motion of the moon, yet the forementioned inequalities 
will take place, only with ſome difference in reſpect to 
the degree of them; but the moon by not moving in 


this manner is ſubject to ſome other inequalities alſo. 


For as the moon deſcribes, inſtead of a circle concen- 
trical to the earth, an ellipſis, with the earth in one 
focus, that ellipſis will be ſubjected to various changes. 
It can neither preſerve conſtantly the ſame poſition, nor 
per the ſame figure; and becauſe the plane of this el- 
lipſis is not the ſame with that of the earth's orbit, the 
ſituation of the plane, wherein the moon moves, will 
continually change; neither the line in which it inter- 
ſects the plane of the earth's orbit, nor the inclination 
of the planes to eaeh other, will remain for any time 
the ſame. All theſe alterations offer themſelves now to 
be explained. | DD 

22. I ſhall firſt conſider the changes which are made 
in the plane of the moon's orbit. The moon not mov+ 


ing in the fame plane with the earth, the ſun is fel» 


2 Newton, Princ. Lib, I. prop. 66, coroll. 7, 
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quarters; ſo chat upon the whole, the power of the- 


dom 
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dom in the plane of the moon's orbit, viz. only when 
the line made by the common interſection of the two 
Planes, if produced, will paſs through the ſun, as is 
repreſented in fig. 97. where S denotes the ſun; T the 
earth; AT B the earth's orbit deſcribed upon the plane 
of this ſcheme; CDEF the moon's orbit, the part 
OD E being raiſed above, and the part CFE depreſ- 

ſed under the plane of this ſcheme. Here the line C 
E, in which the plane of this ſcheme, that is, the plane 
of the earth's orbit and the plane of the moon's orbit 
interſe& each other, being continued paſſes through the 


© fun in 8. When this happens, the action of the ſun 


is directed in the plane of the moon's orbit, and cannot 
draw the moon out of this plane, as will evidently ap- 
pear to any one that ſhall conſider the preſent ſcheme: 


For ſuppoſe the moon in G, and let a ſtraight line be 


drawn from G to 8, the ſun draws the moon in the 


direction of this line from G toward 8: but this line 


lies in the plane of the orbit; and if it be prolonged 


from 8 beyond G, the continuation of it will lie on the 


plane CD E; for the plane it (elf, if ſufficiently exten- 
ded, will paſs through the ſun. But in other caſes the 


obliquity of the ſun's action to the plane of the orbit 


will cauſe this plane continually to change. 

23. Surrosk in the firſt place, the line, in 
which the two planes interſe& each other, to be per- 
pendicular to the line which joins the earth and ſun. 
Let T (in fig. 98, 99, 100, 101.) repreſent 
the earth; S the ſun; the plane of this ſcheme the 
plane of the earth's motion, in which both the ſun and 
earth are placed. Let AC be perpendicular to 8 T, 
which joins the earth and ſun; and let the line AC 
be that, in which the plane of the moon's orbit inter- 
ſects the plane of the earth's motion. To the center 
T deſcribe in the plane of the earth's motion the cir- 


cle ABCD. And in the plane of the moon's orbit 


deſcribe the circle AE CF, one half of which A — 
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will be elevated above the plane of this ſcheme, the 
other half AF C as much depreſſed below it. 


24. Now ſuppoſe the moon to ſer forth from the 


Poe A (in fig. 98.) in the direction of the plane AE C. 
Here ſhe will be continually drawn out of this plane 

by the action of the ſun: for this plane A E C, if ex- 
tended, will not paſs through the ſun, but above it; 
ſo that the ſun, by drawing the moon directly toward 
it ſelf, will force it continually more and more from 


that * towards the plane of the carth's motion, in 


which it ſelf is; cauſing it to deſcribe the line A K G 


HI, which will be convex to the plane A E C, and 


concave to the plane of the earth's motion. But here 
this power of the ſun, which is ſaid to draw the moon 
toward the plane of the earth's motion, muſt be un- 
derſtood principally of ſo much only of the ſun's ac- 


tion upon the moon, as it exceeds the action of the 


ſame upon the earth. For ſuppoſe the preceding fi- 
gure to be viewed by the eye, placed in the plane 
of that ſcheme, and in the line CTA on the fide 


of A, the plane AB CD will appear as the ſtraight 
line DT B, (in fig. 102.) and the plane AE CF as 


another ſtraight line FE; and the curve line AK G 
H under the form of the line TK GH I. Now it 
is plain, that the earth and moon being both attracted 
by the ſun, if the ſun's action upon both was equally 
ſtrong, the earth T, and with it the plane AE CF or 


line FTE in this ſcheme, would be carried toward 


the ſun with as great a pace as the moon, and there- 
fore the moon not drawn out of it by the ſun's acti- 
on, excepting only from the ſmall obliquity of the di- 
rection of this action upon the moon to that of the 
ſun's action upon the earth, which ariſes from the moon's 
being out of the plane of the earth's motion, and is not 
very conſiderable; but the action of the ſun upon the 

moon being greater than upon the earth, all the time 
the moon is nearer to the ſun than the earth is, it will 
be drawn from the plane A E C or the line TE by 
that excels, and made to deſcribe the curve line AGI 

N ; * 


or T GI. But it is the cuſtom of aſtronomers, in- 
ſtead of conſidering the moon as moving in ſuch a 
curve line, to refer its motion continually to the plane, 
which touches the true line wherein it moves, at the 
point where at any time the moon is. Thus when 
the moon is in the point A, its motion is conſidered 
as being in the plane A E C, in whoſe direction it then 
eſſaies to move; and when in the point K (in fig. 99.) 


its motion is referred to the plane, which paſſes thro' 


the earth, and touches the line AK G HI in the point 
K. Thus the moon in paſſing from A to I will con- 
tinually change the plane of her motion. In what man- 
_ this change proceeds, I ſhall now particularly ex- 

ain. es | | 
* 25. LE r the plane, which touches the line AKI 
in the point K (in fig. 99.) interſect the plane of the 
earth's orbit in the line L TM. Then, becauſe the 
line AK is concave to the plane A B C, it falls whol- 


ly between that plane, and the plane which touches it 


in K; ſo that the plane MK L will cut the plane A 
EC, before it meets with the plane of the earth's mo- 
tion; ſuppoſe in the line Y T, and the point A will 
fall between K and L. With a ſemidiameter equal to 
'TY or TL deſcribe the ſemicircle L Y M. Now to 
a ſpectator on the earth the moon, when in A, will 
appear to move in the circle AE CF, and, when in 
K, will appear to be moving in the ſemicircle LY M. 
The earth's motion is performed in the plane of this 
ſcheme, and to a ſpectator on the earth the ſun will ap- 
pear always moving in that plane. We may there- 
fore refer the apparent motion of the ſun to the circle 
ABCD, deſcribed in this plane about the earth. But 
the points where this circle, in which the ſun ſeems 
to move, interſects the circle in which the moon is 
ſeen at any time to move, are called the nodes of the 
moon's orbit at that time. When the moon is ſeen 
moving in the circle AE CD, the points A and Care 
the nodes of the orbit; when ſhe appears in the _ 

| Circle 
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circle LY M, then L and M are the nodes. Now 


here it appears, from what has been ſaid, that while 


the moon has moved from A to K, one of the nodes 
has been carried from A to L, and the other as much 


from C to M. But the motion from A to L, and from C 


to M, is backward in regard to the motion of the moon, 


which is the other way from A to K, and from thence 
toward C. N 


26. FAR THERA the angle, which the plane, where- 
in the moon at any time appears, makes with the plane 


of the earth's motion, is called the inclination of the 


moon's orbit at that time. And I ſhall now proceed 
to ſhew, that this inclination of the orbit, when the 


moon is in K, is leſs than when ſhe was in A; or, 


that the plane LV M, which touches the line of the 
moon's motion in K, makes a leſs angle with the plane 
of the earth's motion or with the circle AB CD, than 
the plane AE C makes with the ſame. The ſemicircle 
LVM interſects the ſemicircle A E C in V; and the 
arch A is leſs than LY, and both together leſs than 


half a circle. But it is demonſtrated by the writers on 


that part of aſtronomy, which is called the doctrine of 
the ſphere, that when a triangle is made, as here, by 
three arches of circles AL, AY, and YL, the angle 
under Y AB withour the triangle is greater than the 
angle under Y L A within, if the two arches AY, YL 
taken together do not amount to a ſemicircle; if the 
two arches make a complete ſemicircle, the two angles 
will be equal; but if the two arches taken together 
exceed a ſemicircle, the inner angle under YLA is 
greater than the other *. Here therefore the two ar- 

ches AY and LV together being leis than a ſemicir- 
cle, the angle under ALY is leis, than the angle un- 
der BAE. But from the doctrine of the ſphere it is 
| alſo evident, that the angle under ALY is equal to 


that, in which the plane of the circle LY K M, that 


© Menelai Sphaeric. Lib. I. prop. 10. 
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is, the plane which touches the line AK GH in K, 
is inclined to the plane of the earth's motion AB C; 
and the angle under B AE is equal to that, in which 
the plane AE C is inclined to the ſame plane. There- 
fore the inclination of the former plane is leſs than the 
inclination of the latter. 1 = 

27. SUPPOSE now the moon to be advanced to 
the point G (in fig. 100.) and in this point to be di- 
ſtant from its node a quarter part of the whole circle; 
or in other words, to be in the midway between its 
two nodes. And in this caſe the nodes will have re- 
ceded yet more, and the inclination of the orbit be ſtill 
more diminiſhed : for ſuppoſe the line AK GH to be 
touched in the point G by a plane paſſing through the 
earth T: let the interſection of this plane with the 

lane of the earth's motion be the line NT O, and the 
= TP its interſection with the plane LEM. In 
this plane let the circle N G O be deſcribed with the 
ſemidiameter TP or NT cutting the other circle L 
KM in P. Now che line AK GI is convex to the 
plane LK M, which touches it in K; and therefore 
the plane N GO, which touches it in G, will inter- 
{ect the other touching plane between G and K; that 
is, the point P will fall between thoſe two points, and 
the plane continued to the plane of the earth's motion 
will paſs beyond L; ſo that the points N and O, or 
the places of the nodes, when the moon is in G, will 
be farther from A and C than L and M, that is, will 
have moved fart her backward. Beſides, the inclinati- 
on of the plane NGO to the plane of the earth's mo- 
tion ABC is leſs, than the inclination of the plane 
LK M to the ſame; for here allo the two arches LP 
and NP taken together arc leſs than a ſemicircle, each 
of theſe arches being leſs than a quarter of a circle; 
© as appears, becauſe G N, the diſtance of the moon in 
G from its node N, is here ſuppoſed to be a quarter 
part of a circle. | * 


28. Ar TE R 
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28. Ar rER the moon is paſſed beyond G, the 
caſe is altered; for then theſe arches will be greater 
than quarters of the circle, by which means the incli- 
nation will be again increaſed, tho' the nodes ſtill go 
on to move the ſame way. Suppoſe the moon in H, 
(in fig. 101.) and that the plane, which touches the 
line AK GI in H, interſects the plane of the earth's 
motion in the line QT R, and the plane NGO in 
the line TV, and beſides that the circle QHR be 
deſcribed in that plane; then, for the ſame reaſon as 
before, the point V will fall between H and G, and 


- plats R V Q will paſs beyond the laſt plane O VN, 


cauſing the points Q and R to fall farther from A and 


C than N and O. But the arches NV, VQare each 


greater than a quarter of a circle, N V the leaſt of 
them being greater than G N, which is a quarter of a 
circle; and therefore the two arches NV and V 
together exceed a ſemicircle; conſequently the angle 
under BQ V {will be greater, than that under BN V. 
29. IN the laſt place, when the moon is by this 
attraction of the ſun, drawn at length into the plane 


of the earth's motion, the node will have receded yet 


more, and the inclination be ſo much increaſed, as to 
become ſomewhat more than at firſt: for the line A 
K GH being convex to all the planes, which touch 
it, the part HI will wholly fall between the plane 
QVR and the plane ABC; ſo that the point I will 
fall between B and R; and drawing IT W, the point 
W will be farther remov'd from A than Q. But it is 
evident, that the plane, which paſſes thro' the earth 


T, and touches the line A GI in the point I, will cut 
the plane of the earth's motion AB CD in the line 


IT W, and be inclined to the ſame in the angle under 
HIB; fo that the node, which was firſt in A, af- 


ter having paſſed into L, N and Q, comes at laſt in- 


to the point W; as the node which was at firſt in C 
has paſſed ſucceſſively from thence through the points 


M, O and R to I: but the angle under HI B, which 
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is now the inclination of the orbit to the plane of the 
ecliptic, is manifeſtly not leſs than the angle under E 
CB or E AB, but rather ſomething greater. 
30. Tus the moon in the caſe before us, while 
it paſſes from the plane of the earth's motion in the 
quarter, till it comes again into the ſame plane, has the 
nodes of its orbit continually moved backward, and the 
inclination of its orbit is at firſt diminiſhed, viz. till it 
comes to G in fig. 100, which is near to its conjunc- 
tion with the ſun, but afterwards is increaſed again 
almoſt by the ſame degrees, till upon the moon's arri- 
val again to the plane of the earth's motion, the inclina- 
tion of the orbit is reſtored to ſomething more than 
its firſt magnitude, though the difference is not very 
t. becauſe the points I and C are not far diſtant 
from each other*. - : r 
31. Ar r ER the ſame manner, if the moon had de- 
parted from the quarter in C, it ſhould have deſcribed 
the curve line CX W (in fig. 98.) between the planes 
AFC and ADC, which would be convex to the for- 
mer of thoſe planes, and coneave to the latter; ſo that, 
here alſo, the nodes ſhould continually recede, and the 
inclination of the orbit gradually diminiſh more and 
more, till the moon arrived near its oppoſition to the 
ſun in X; but from that time the inclination ſhould a- 
ain increaſe, till it became a little greater than at firſt. 
This will cafily appear, by conſidering, that as the acti- 
on of the ſun upon the moon, by exceeding its action 
upon the earth, drew it out of the plane A E C towards 
the ſun, while the moon paſſed from A to I; ſo, during 
its e from C to W, the moon being all that time 
farther from the ſun than the earth, it will be attracted 
leſs; and the earth, together with the plane A E CF, 
will as it were be drawn from the moon, in ſuch ſort, 
that the path the moon deſcribes ſhall appear from the 
earth, as it did in the former caſe by the moon's being 
drawn away. B ok: 8 
Vid. Newt. Princ. Lib. I. prop. 66. coroll. 10. 
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32. THESE are the changes, which the nodes and 
the inclination of the moon's orbit undergo, when the 
nodes are in the quarters; but when the nodes by their 
motion, and the motion of the ſun together, come to 
be ſituated between the quarter and conjunction or op- 
poſition, their motion and the change made in the incli- 
nation of the orbit are ſome what different. | 
215 LET AG CH (in fig. 103.) be a circle deſcri- 
bed in the plane of the earth's motion, having the earth 
in T for its center. Let the point oppoſite to the ſun 
be A, and the point G a fourth part of the circle di- 
ſtant from A. Let the nodes of the moon's orbit be ſi- 
tuated in the line BT D, and B the node, falling be- 
tween A, the place where the moon would be in the 
full, and G the place where the moon would be in the 
quarter. Suppoſe BED F to be the plane, in which 
the moon eſſays to move, when it proceeds from the 
point B. Becauſe the moon in B is more diſtant from 
the ſun than the earth, it ſhall be leſs attracted by the 
ſun, and ſhall not deſcend towards the ſun ſo faſt as the 
earth: conſequently it ſhall quit the plane B E D FE, 
which we ſuppoſe to accompany the earth, and deſcribe 
the line BI K convex thereto, till ſuch time as it comes 
to the point K, where it will be in the quarter: but 
from thenceforth being more attracted than the earth, 


the moon ſhall change its courſe, and the following part 


of the path ir deſcribes ſhall be concave to the plane 


BED or BGD, and ſhall continue concave to the 


plane BGD, till it croſſes that plane in L, juſt as in the 
preceding caſe. Now I ſay, while the moon is paſſing 


from B to K, the nodes, contrary to what was found 


in the foregoing caſe, will proceed forward, or move 
the ſame way with the moon“; and at the fame time 
the inclination of the orbit will increaſe *. Ss i 

34. WHEN the moon is in the point I, let the 


plane MIN paſs through the earth T, and touch the 


2 Vid. Newt. Princ. Lib. III. prop. 30. p. 440. 


path 
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path of the moon in I, cutting the plane of the earth's 
motion in the line MT N, and the plane BED in 


the line T O. Becauſe the line BI K is convex to the 


plane BE D, which touches it in B, the plane NI M 
muſt croſs the plane DE B, before it meets the plane 
CGB; and therefore the point M will fall from B 
towards G, and the node of the moon's orbit being 
tranſlated from B to M is moved forward, 
35. I fay farther, the angle under O M G, which 
the plane MON makes with the plane BGC, is 
| ome than the angle under O B G, which the plane 
OD makes with the ſame. This appears from what 
has been already explained hare. the arches B O, 
OM are each leſs than the quarter of a circle, and 
therefore taken both together are leſs than a ſemicir- 


| ; Cle. | | 


36. AGAIN, when the moon is come to the point 
K in its quarter, the nodes will be advanced yet farther 
forward, and the inclination of the orbit alſo more aug- 
mented. Hitherto the moon's motion has been referred 
to the plane, which paſſing through the earth touches 
the path of the moon in the point, where the moon is, 
according to what was aſſerted at the beginning of this 
diſcourſe upon the nodes, that it is the cuſtom of aſtro- 
nomers ſo to do. But here in the point K no ſuch plane 

can be found; on the contrary, ſeeing the line of the 
moon's motion on one fide the point K is convex to 

the plane BED, and on the other {ide concave to the 
fame, no plane can paſs through the points T and K, 
but will cut the line BKL in that point. Therefore 
inſtead of ſuch a touching plane, we muſt here make uſe 


of what is equivalent, the plane PK Q with which. 


the line BK L ſhall make a leſs angle than with any o- 


ther plane; for this plane does as it were touch the 
line B K in the point K, ſince it ſo cuts it, that no o- 
ther plane can be drawn ſo, as to paſs between the line 
B K and the plane PK Q. But now it is evident, that 
the point P, or the node, is removed from M towards 
be | X 
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G, that is, has moved yet farther forward; and it is 
likewiſe as manifeſt, that the angle under K PG, or 


the inclination of the moon's orbit in the point K, is 
greater than the angle under IM G, for the reaſon fo 
often aſſignet. 1 

37. AFTER the moon has paſſed the quarter, the 
path of the moon being concave to the plane AG CH, 
the nodes, as inthe preceding caſe, ſhall recede, till the 
moon arrives at the point L; which ſhews, that con- 
ſidering the whole time of the moon's paſſing from B 
to L, at the end of that time the nodes ſhall be found 


do have receded, or to be placed backwarder, when the 
moon is in L, than when it was in B. For the moon 
takes a longer time in paſſing from K to L, than in paſ- 
ſing from B to K; and therefore the nodes continue to 
recede a longer time, than they moved forwards; fo that 


their receſs muſt ſurmount their advance. ; 


38 Ix the ſame manner, while the moon is in its paſ- 


ſage from K to L, the inclination of the orbit ſhall di- 


miniſh, till the moon comes to the point, in which it is 


one quarter part of a circle diſtant from its node; ſup- 


poſe in the point R; and from that time the inclinati- 
| On ſhall again increaſe. Since therefore the inclination 


of the orbit increaſes, while the moon is paſſing from 


B to K, and diminiſnes itſelf again only, while the moon 


is paſſing from K to R, and then augments again, till 


the moon arrive in L; while the moon is paſſing from 


B to L, the inclination of the orbit is much more increa- 


ſed than diminiſhed, and will be diſtinguiſhably greater, 
when the moon is come to L, than when it ſet out 


from BB. | 


39. In like manner, while the moon ĩs paſſing from 
L on the other ſide the plane A G CH, the node ſhall 


advance forward, as long as the moon is between the 


point Land the next quarter; but afterwards it ſhall re- 


\ cede, till the moon come to paſs the plane AG CH a- 
_ gainiin the point V, between B and A: and becauſe the 


time between the m_— paſſing from L'to the next 


quarter 


N 
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quarter 1s leſs, than the time between that quarter and 
the moon's coming to the point V, the node ſhall have 
more receded than advanced; ſo that the point V will 
be nearer to A, than L is to C. So alſo the inclination 
of the orbit, when the moon is in V, will be greater, 
than when the moon was at L; for this inclination in- 
creaſes all the time the moon is between L and the next 
quarter; it decreaſes only while the moon is paſſing from 


this quarter to the mid way between the two nodes, and 


from thence increaſes again during the whole paſſage 
through the other half of the way to the next node. 


40. Tus we have traced the moon from her node 


in the quarter, and ſnewn, that at every period of the 
moon the nodes will have receded, and thereby will 
have approached toward a conjunction with the ſun. 
But this conjunction will be much forwarded by the vi- 
ſible motion of the ſun it ſelf. In the laſt ſcheme the 
ſun will appear to move from 8 toward W. Suppoſe it 
appeared to have moved from 8 to W, while the moonꝰs 


node has receded from B to V, then drawing the line 


WT X, the arch VX will repreſent the diftance of 
the line dravn between the nodes from the ſun, when 


the moon is in V; whereas the arch B A repreſented 


that diſtance, when the moon was in B. This viſible 
motion of the ſyn. is much greater, than that of the node; 
for the ſun appears to revolve quite round each year, and 


the node is near ig Years in making one revolution. We 
have alſo ſeen, that when the node was in the quadra- 
ture, the inclination of the moon's orbit decreaſed, till 


the moon came to the conjunction, or oppoſitian, ac- 


cording to which node ir ſer out from; but that after- 


wards it again increaſed, till it became at the next node 


rather greater than at the former. When the node is 


once removed from the quarter nearer to a conjunction 
with the ſun, the inclination of the moon's orbit, when 
the moon comes into the node, is more ſenſibly greater, 
than it was in the node preceding; the inclination ot 


the orbit by this means more and more increaſing till the 


node 
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node comes into conjunction with the ſun; at which 
time it has been ſhewn above, that the ſun has no pow- 


er to change the plane of the moon's motion; and 
conſequently has no effect either on the nodes, or on 


the inclination of the orbit. N 

41. As ſoon as the nodes, by the motion of the 
ſun, are got out of conjunction toward the other 
quarters, they begin again to recede as before; but the 
inclination of the orbit in the appulſe of the moon to 
each ſucceeding node is leſs than at the preceding, till 


4 


the nodes come again into the quarters. This will ap- 


pear as follows. Let A (in fig. 104.) repreſent one of 
the moon's nodes placed between the point of oppoſi- 
tion B and the quarter C. Let the plane ADE paſs 
through the earth T, and touch the path of the 


moon in A. Let the line AFG H be the path of 


the moon in her paſſage from A to H, where ſhe 
croſſes again the plane of the earth's motion. This 
line will be convex toward the plane A D E, till the 
moon comes to G, where ſhe is in the quarter; and 
after this, between G and H, the ſame line will be 
concave toward this plane. All the time this line is 


convex toward the plane ADE, the nodes will re- 


cede; and on the contrary proceed, while it is con- 


cave to that plane. All this will eaſily be conceiv- 
ed from what has been before ſo largely explained. 


But the moon is longer in paſſing from A to G, 


than from G to H; therefore the nodes recede a 


longer time, than they proceed; conſequently upon 
the whole, when the moon is arrived at H, the 


nodes will have receded, that is, the point H will fall 


between B and E. The inclination of the orbit will 


decreaſe, till the moon is arrived to the point F, in 


the middle between A and H. Through the paſſage 
between F and G the inclination will increaſe, but de- 
creaſe again in the remaining part of the paſſage from 
G to H, and conſequently at H muſt be leſs than at 
A. The like Effects, both in reſpect to the nodes and 
8 | 3 Ns - inclination 


— 


180 Sir ISAAC NEWTON's Book II. 


inclination of the orbit, will take place in the follow- 
ing paſſage of the moon on the other ſide of the plane 
A BE C, from H, till it comes over that plane again 
m3 | | | 

42. Tus the inclination of the orbit is _ 
when the line drawn between the moon's nodes will 
paſs through the ſun; and leaſt, when this line lies in 
the quarters, eſpecially if the moon at the ſame time 
be in conjunction with the ſun, or in the oppoſition. 
In the firſt of theſe caſes the nodes have no motion, 
in all others, the nodes will each month have reced- 
ed: and this regreſſive motion will be greateſt, when 
the nodes are in the quarters; for in that caſe the 


nodes have no progreſſive motion during the whole 


month, but in all other caſes the nodes do at ſome 
times proceed forward, viz. whenever the moon is 


between either quarter, and the node which: is leſs di- 


ſtant from that quarter than a fourth part of a circle. 
43. Ir now remains only to explain the irregulari- 
ties in the moon's motion, which follow from the el- 
liptical figure of the orbit. By what has been faid at 
the beginning of this chapter ir appears, that the pow- 
er of the earth on the moon acts in the reciprocal du- 
plicate proportion of the diſtance: therefore the moon, 
if undiſturbed by the ſun, would move round the earth 
in a true ellipſis, and the line drawn from the earth to 
the moon would paſs over equal ſpaces in equal porti- 
ons of time. That this deſcription of the ſpaces is 
altered by the ſun, has been already declared. It has 


, alſo been fhewn, that the figure of the orbit is chan- 


ged each month; that the moon is nearer the earth 


at the new and full, and more remote in the quarters, 


than it would be without the ſun. Now we muſt 
pats by theſe monthly changes, and conſider the effect, 
which the ſun will have in the different fituations of 
the axis of the orbit in reſpect of that luminary. _ 

44. TRE action of the ſun varies the force, where- 


with the moon is drawn toward the earth; in che 


| quarters 
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quarters the force of the earth is directly increaſed by 
the ſun; at the new and full the fame is diminiſhed 
and in the intermediate places the influence of the earth 
is ſometimes aided, and ſometimes leſſened by the ſun. 
In theſe intermediate places between the quarters and 
the conjunction or oppoſition, the ſun's action is fo 
_ oblique ro the action of the earth on the moon, as to 
produce that alternate acceleration and retardment of 

the moon's motion, which I obſerved above to be ſti- 


led the variation. But beſides this effect, the power, 
by which the earth attracts the moon toward itſelf, 


will not be at full liberty to act with the ſame force, 
28 if the ſun acted not at all on the moon. And this 
effect of the ſun's action, whereby ir corroborates or 
weakens the action of the earth, is here only to be 


conſidered. And by this influence of the ſun it comes 


to paſs, that the power, by which the moon is impel- 
led toward the earth, is not perfectly in the reciprocal 
duplicate proportion of the diſtance. Conſequently 
the moon will not deſcribe a perfect ellipſis. One par- 
ticular, wherein the moon's orbit will differ from an 


ellipſis, conſiſts in the places, where the motion of che 


moon is perpendicular to the line drawn from itſelf to 
the earth. In an ellipſis, after the moon ſhould have 
ſet out in the direction perpendicular to this line drawn 


from itſelf to the earth, and at its greateſt diſtance from 


the earth, its motion would again become perpendicu- 
lar to this line drawn between itſelf and the earth, and 
the moon be at its neareſt diſtance from the earth, 


when it ſhould have performed half its period; after 


performing the other half of its period its motion 
would again become perpendicular to the forementi- 
oned line, and the moon return into the place whence 
it ſet our, and have recovered again its greateſt diſt» 
ance. ' But the moon in its real motion, after ſetting 
out as before, ſometimes makes more than half a re- 
volution, before its motion comes again to be perpeny 
| dieular to the line drawn from itſelf to the earth, and 
e N 3 the 


the moon is at its neareſt diſtance; and then performs 
more than another half of an entire revolution before 
its motion can a ſecond time recover its perpendicular 
direction to the line drawn from the moon to the earth, 
and the moon arrive again to its greateſt diſtance from 
the earth. At other times the moon will deſcend to 
its neareſt diſtance before it has made half a revoluti- 
on, and recover again its greateſt diſtance, before it has 


made an entire revolution. The place, where the moon 


is at its greateſt diſtance from the earth, is called the 
moon's apogeon, and the place of the leaſt diſtance the 
| 2 This change of the place, where the moon 
ucceſſively comes to its greateſt diſtance from the earth, 
is called the motion of the apogeon. In what manner 
the ſun cauſes the apogeon to move, I ſhall now en- 
deavour to explain. | : = | 
45. Ou R author ſnews, that if the moon were at- 
tracted toward the earth by a compoſition of two 


powers, one of which were reciprocally in the dupli- 
cate proportion of the diſtance from the earth, and 


the other reciprocally in the triplicate proportion of 
the ſame diſtance; then, though the line deſcribed by 
the moon would not be in reality an ellipſis, yet the 
moon's motion might be perfectly explained by an el- 
lipſis, whoſe axis ſhould be made to move round the 


earth; this motion being in conſequence, as aſtrono- 


mers expreſs themſelves, that is, the ſame way as the 
moon itſelf moves, if the moon be attracted by the ſum 
of the two powers; but the axis muſt move in ante- 
cedence, or the contrary way, if the moon be acted 


on by the difference of theſe powers. What is meant 


by duplicate proportion has been often explained; 
namely, that if three magnitudes, as A, B, and C, are 


ſo related, that the ſecond B bears the ſame proporti- 


on to the third C, as the firſt A bears to the ſecond 
B, then the proportion of the firſt A to the third C, 


* 
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the duplicate of the proportion of the firſt A to the 
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ſecond B. Now if a fourth magnitude, as P, be af: 


- 


ſumed, to which C ſhall bear the ſame proportion as 
A bears to B, and B to C, then the proportion of A 
to D is the triplicate of the proportion of A to B. 


46. THE way of repreſenting the moon's motion 


in this caſe is thus. T denoting the earth (in fig. 105, 
106.) ſuppoſe the moon in the point A, its apogeon, 


or greateſt diſtance from the earth, moving in the di- 


rection A H perpendicular to A B, and acted upon from 
the earth by two ſuch forces as have been named. 


By that Power alone, which is reciprocally in the 


duplicate proportion of the diſtance, if the moon ſer 
out from the point A with a proper degree of veloci- 


ty, the . AMB may be deſcribed. But if the 


moon be acted upon by the ſum of the foremention- 


ed powers, and the velocity of the moon in the point 


A be augmented in a certain proportion? ; or if that velo- 
city be diminiſhed in a certain proportion, and the moon 
be acted upon by the difference of thoſe powers; in 


both theſe caſes the line A E, which ſhall be deſcrib- 


ed by the moon, is thus to be determined. Let the 


point M be that, into which the moon would have 


arrived in any given ſpace of time, had it moved in 
the ellipſis AMB. Draw MT, and likewiſe CTD 
in ſuch ſort, that the angle under AT M ſhall bear 


the ſame proportion to the angle under A T C, as the 


velocity, with which the ellipſis AMB muſt have been 
deſcribed, bears to the difference between this veloci- 
ty, and the velocity, with which the moon muſt ſet 
out from the point A in order to deſcribe the path 
AE. Let the angle ATC be taken toward the moon 


s in fig. roy.) if the moon be attracted by the ſum 


of the powers; but the contrary way (as in fig. 106) 


if by their difference. Then let the line A B be mo- 


ved into the poſition C D, and the ellipſis AMB in- 
to the ſituation C ND, fo that the point M be tranſ- 


lated to L: then the point L ſhall fall upon the path 


of the moon AE. 


2 What this proportion is, may be known from Coroll. 2. prop. 


47 Lib. I. Princ. philoſ. Newton. 
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J. TRE angular motion of the line AT, where- 


by it is removed into the ſituation C T, repreſents the 


motion of the apogeon; by the means of which the 
motion of the moon might be fully explicated by the 
ellipſis AM B, if the action of the fun upon it was 
directed to the center of the earth, and reciprocally 
in the triplicate proportion of the moon's diſtance from 
it. But that not being ſo, the apogeon will not move 


in the: regular manner now deſcribed. However, it 


is to be obſerved here, that in the firſt of the two 
preceding caſes, where the apogeon moves forward, 
the whole centripetal power increaſes faſter, with the 
decreaſe of diſtance, than if the intire power were re- 
ciprocally in the duplicate proportion of the diſtance; 


becauſe one part only is in that proportion, and the 


other part, which is added to this to make up the 
whole power, increaſes faſter with the decreaſe of 


{ _ diſtance. On the other hand, when the centripetal 
power is the difference between theſe two, it increa- 


ſes leſs with the decreaſe of the diſtance, than if it 


were ſimply in the reciprocal duplicate proportion of 
the diſtance. Therefore if we chuſe to explain the 
moon's motion by an ellipſis (as is moſt convenient 


for aſtronomical uſes to be done, and by reaſon of the 
{mall effect of the ſun's power, the doing ſo will not 
be attended with any ſenſible error ;) we may collect 
in general, that when the power, by which the moon 
is attracted to the earth, by varying the diſtance, in- 


creaſes in a greater than in the duplicate proportion 


of the diſtance diminiſhed,” a motion in conſequence 
muſt be aſcribed to the apogeon; but that when the 


attraction increaſes in a leſs proportion than that na- 


med, the apogeon muſt have given to it a motion in 


antecedence . It is then obſerved by Sir I's. N e w- 
o N, that the firſt of theſe caſes obtains, when the 


moon is in the conjunction and oppoſition; and the 


latter, when the moon is in the quarters: fo that in 


5 Prin, Phil, Newt. Lib. I. prop. 45. Coroll. 1, 5 
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the firſt the apogeon moves according to the order 
of the ſigns; in the other, the contrary way. But, 
as was ſaid before, the diſturbance given to the action 
of the earth by the ſun in the conjunction and oppo- 
ſition being near twice as great as in the quarters , 
the apogeon will advance with a greater velocity than 
recede, and in the compaſs of a whole revolution of 
the moon will be carried in conſequence®. | 
48. Ir is ſhewn in the next place by our author, 
that when the line A B coincides with that, which 
joins the earth and the ſun, the progreſſive motion of 
the apogeon, when the moon is in the conjunction or 
oppoſition, exceeds the regreſſive in the quadratures more 
than in any other ſituation of the line AB*. On the 
contrary, when the line A B makes right angles with 


that, which joins the earth and ſun, the retrograde 


motion will be more conſiderable ®, nay is found fo 
great as to exceed the progreſſive; fo that in this cafe 
the apogeon in the compaſs of an intire revolution of 
the moon is carried in antecedence. Vet from the 
conſiderations in the laſt paragraph the progreſſive mo- 


tion exceeds the other; ſo that in the whole the mean 


motion of the apogeon is in conſequence, according as 
aſtronomers find. Moreover, the line A B changes its 
ſituation with that, which joins the earth and ſun, by 
ſuch flow degrees, that the inequalities in the motion 


of the apogeon ariſing from this laſt conſideration, are 
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much greater than what ariſes from the other f. 


49. FaR THE R, this unſteady motion in the apo 


geon is attended with another inequality in the mo- 
tion of the moon, that it cannot be explained at all 
times by the ſame ellipſis. The ellipſis in general is 
called by aſtronomers an eccentric orbit. The point, 
in which the two axis's croſs, is called the center of 


: Pr. Phil. Newt. Lib. I prop. 66..| prop. 66. coroll- 8. 
Coroll. 7. | d Ibid, Coroll. 8. 


b See 5 19. of this chapter. © Ibid, 
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the figure; becauſe all lines drawn through this point 
within the ellipſis, from ſide to fade, are divided in the 
middle by this point. But tne center, about which the 


heavenly bodies revolve, lying out of this center of the 
figure in one focus, theſe orbits are ſaid to be eccen- 
tric ; and where the diſtance of the focus from this 


center bears the greateſt proportion to the whole axis, 


that orbit is called the moſt eccentric : and in ſuch an 
orbit the diſtance from the focus to the remoter ex- 


tremity of the axis bears the greateſt proportion to the 


diſtance of the nearer extremity. Now whenever the 


apogeon of the moon moves in conſequence, the moon's 
motion muſt be referred to an obit more eccentric, 
than what the moon would deſcribe, if the whole pow- 
er, by which the moon was acted on in its paſſing from 


the apogeon, changed according to the reciprocal du- 
phone proportion of the diſtance from the earth, and 
by that means the moon did deſcribe an immoveable 
ellipſis; and when the apogeon moves in antecedence, 
the moon's motion muſt be referred to an orbit leſs ec- 
centric. In the firſt of the two figures laſt referred to, 
the true place of the moon L falls without the orbir 
AMB, to which its motion is referred: whence the 
orbit AL E, truly deſcribed by the moon, is leſs incur- 
vated in the point A, than is the orbit A MB; there- 
fore the orbit AMB is more oblong, and differs far- 
ther from a circle, than the ellipſis would, whoſe cur- 


vature in A were equal to that of the line A L B, that 


is, the proportion of the diſtance of the earth T from 


the center of the ellipſis to its axis will be greater in 


the ellipſis AMB, than in the other; but that other 
is the ellipſis, which the moon would deſcribe, if the 
power acting upon it in the point A were altered in the 
reciprocal duplicate proportion of the diſtance. In the 
ſecond figure, when the apogeon recedes, the place of 


the moon L falls within the orbit AMB, and there- 


fore that orbit is leſs eccentric, than the immoveable or- 
bit which the moon ſhould deſcribe. The truth of this 
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power, by which the moon is influenced in its deſcent 
from the apogeon, increaſes faſter with the decreaſe of 


diſtance, than in the duplicate proportion of the di- 


ſtance ; and conſequently the moon being drawn more 
| forcibly toward the earth, it will deſcend nearer to it. On 


the other hand, when the apogeon recedes, the power 
| ating on the moon increaſes with the decreaſe of di- 
ſtance in leſs than the duplicate proportion of the di- 
ſtance z and therefore the moon is leſs impelled toward 


the earth, and will not deſcend ſo low. ; 


fo. Now ſuppoſe in the firſt of theſe figures, that 


the apogeon A is in the ſituation, where it is approach- 
ing toward the conjunction or oppoſition of the ſun. 
In this caſe the progreſſive motion of the apogeon is 
more and more accelerated. Here ſuppoſe that the 

moon, after having deſcended from A through the or- 
bit AE as far as F. where it is come to its neareſt di- 
ſtance from the earth, aſcends again up the line FG. 
Becauſe the motion of the apogeon is here continual- 
ly more and more accelerating, the cauſe of its motion 
is conſtantly upon the increaſe; that is, the power, 
whereby the moon is drawn to the earth, will decreaſe 
with the increaſe of diſtance, in the moon's aſcent from 
F, in a greater proportion than that wherewith it in- 


creaſed with the decreaſe of diſtance in the moon's de- 


ſcent to F. Conſequently the moon will aſcend high 
er than to the diſtance A T, from whence it deſcend- 
ed; therefore the proportion of the greateſt diſtance 
of the moon to the leaſt is increaſed. And when the 

moon deſcends again, the power will yet more in- 
creaſe with the decreaſe of diſtance, than in the laſt 
aſcent it decreaſed with the augmentation of diſtance ; 
the moon therefore muſt deſcend nearer to the earth 
than it did before, and the proportion of the greateſt 
diſtance to the leaſt yet be more increaſed. Thus as 


long as the apogeon is adyancing toward the conjunc - 


tion or oppoſition, the proportion of the greateſt. di- 


ſtance . 


Chap. 3 PHILOSOPHY. 187 


is evident; for, when the apogeon moves ſorward, the 
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ſtance of the moon from the earth to the leaſt will 
continually increaſe; and the elliptical orbit, to which 


the 'moon's motion is referred, will be rendered more 
and more eccentric. | FE... 1 
Ft. As ſoon as the apogeon is paſſed the conjunction 


with the ſun or the oppoſition, the progreſſive motion 
thereof abates, and with it the proportion of the grea- 
teſt diſtance of the moon from the earth to the leaſt 


diſtance will alſo diminiſn; and when the apogeon be- 


comes ve, the diminution of this proportion 
will be ſtill farther continued on, till the apogeon 


comes into the quarter; from thence this proportion, 
and the eccentricity of the orbit will increaſe again. Thus 
the orbit of the moon is moſt eccentric, when the a- 
pogeon is in conjunction with the ſun, or in oppoſt- 
tion to it, and leaſt of all when the apogeon is in the 

72. THESE changes in the nodes, in the inclina- 


tion of the orbit to the plane of the earth's motion, in 


the apogeon, and in the eccentricity, are varied like 
the other inequalities in the motion of the moon, by 
the different diſtance of the earth from the ſun; be- 


ing greateſt, when their cauſe is greateſt, that is, when 
the earth is neareſt to the ſun. n 


z. I faid at the beginning of this chapter, that Sir 


Is AAc NEwrToN has computed the very quantity 


of many of the moon's inequalities. That acceleration 
of the moon's motion, which is called the variation, 
when greateſt, removes the moon out of the place, in 
which it would otherwiſe be found, ſomething more 
than half a degree *. In the phraſe of aſtronomers, a de- 


gree is 368 part of the whole circuit of the moon or a- 


ny planet. If the moon, without diſturbance from the 
ſun, would have deſcribed a circle concentrical to the 


earth, the ſun will cauſe the moon to approach nearer 


to the earth in the conjunction and oppoſition, than in 
the quarters, nearly in the proportion of 69 to 70. 
= Newt. Princ. Lib, III. prop. 9. Þ Ibid. prop. * 
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nomers found by obſervation; and our author's compu- 
tations aſſign to them the ſame period *. The inclina- 
tion of the moon's orbit when leaſt, is an angle about 
73 part of that angle, which conſtitutes a perpendicu- 


lar; and the difference between the greateſt and leaſt 


inclination of the orbit is determined by our author's 
computation to be about ; of the leaſt inclination b. 
And this alſo is agreeable to the obſervations of aſtrono- 


mers. The motion of the apogeon, and the changes 


in the eccentricity, Sir Is AAC NEwToON has nor 
computed. 'The apogeon performs its reyolution in a- 


bout eight years and ten months. When the moon's . 
orbit is moſt eccentric, the greateſt diſtance of the 


moon from the earth bears to the leaſt diſtance nearly 
the proportion of 8 to 7; when the orbit is leaſt ec- 
centric, this proportion is hardly ſo great as that of 
F4. Sir Is AAc NEwToN ſhews farther, how, by 
comparing the periods of the motion of the ſatellites, 


which revolve round Jupiter and Saturn, with the pe- 


riod of our moon round the earth, and the periods of 
thoſe planets round the ſun with the period of our carth's 
motion, the inequalities in the motion of thoſe ſatel- 
lites may be derived from the inequalities in the moon's' 
motion ; excepting only in regard to that motion of 
the axis of the orbit, which in the moon makes the 
motion of the apogeon z for the orbits of:thoſe ſatel- 
lites, as far as can be diſcerned by us at this diſtance, 
appearing little or nothing eccentric, this motion, as 
deduced from the moon, muſt be diminiſhed. > 


- © Newt, Princ, Lib. III. prop. 32. Þ Newt, Princ, pag. 459. 
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We had occaſion to mention above, that the nodes per- 
form their period in almoſt 19 years. This the aſtro- 


P 2230 Dr 
— — . ; 
—— — GD * * 0 
CTTEE—_—— ——— —— — — 
* 4 


4 
4 
4 
4 


4 Sir TS AAC NEVNTON's Book IT, 


ot COMETS. 


N the former of the two preceding chapters the 
| powers have been explained, which keep in motion 
thoſe celeſtial bodies, whoſe courſes had been well de- 


termined by the. aſtronomers. In the laſt chapter we 
haye ſhewn, how thoſe powers haye begn applied by 
our author to the making a more perfect diſcovery of 


the motion of. thoſe bodies, the courſes of which were 
but imperfectly underſtood ; for ſome of the inequalities, 


which we have been deſcribing in the moon's. motion, 
were unknown to the aſtronomers. In this: chapter 


we are to treat of a thied ſpecies of the heaveply bo- 
1 


dies, the true motion of which was not at all appre- 


hended before our author writ; in ſo much, that here 


Sir Is AAC NRWrON has not only explained the 


cauſes of the motion of theſe bodies, but has performed 
alſo the part of an aſtronomer, by diſcovering what their 


motions are. 


2. THA theſe bodies are not meteors in our air, is 


manifeſt; becauſe; they riſe and ſet in the ſame manner, 
as the ſun and ſtars. The aſtronomers had gone fo far 


in their inquiries concerning them, as to prove by their 
abſervations, that they moved in the etherial ſpaces far 
beyond the moon; but they had no true notion at all 
of the path, which they deſcribed; The moſt prevail · 


ing opinion before our author was, that they moved in 
ſtraight lines; but in what part of the heavens was not 


determined. DES CarTEs® removed them far be- 
yond the ſphere of Saturn, as finding the ſtraight mo- 


tion attributed to them, inconſiſtent with the vortical 


* 1 © In Princ, philoſ. part 3. $ 41, 
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fluid, by which he explains the motions of the planets, - 
38 we have above related *. But Sir ISA AC N EWTON 


diſtinctly proves from aſtronomical obſervation, that the 
comets paſs through the region of the planets, and are 
moſtly inviſible at a leſs diſtance, than that of Jupiter. 
3. AnD from hence finding the comets. to be evi- 
dently within the ſphere of the ſun's action, he con- 


cludes they muſt neceſſarily move about the ſun, as the - 


planets do:. The planets move in ellipſis's; but it is 
not neceſſary that every body, which is influenced by 


the ſun, ſhould move in that particular kind of line. 
However our author proves, that the power of the ſun 

being reciprocally in the duplicate proportion of the di- 

ſtance, every body acted on by the ſun muſt either fall 

directly down, or move in ſome conic ſection; of which 


lines I have above obſerved, that there are three ſpe- 
cies, the ellipſis, parabola, and hyperbola . If a body, 
which deſcends toward the ſun as low as the orbit of 


any planet, move with a ſwifter motion than the pla- 
net does, that body will deſcribe an orbit of a more 


oblong figure, than that of the planet, and have a longer 
axis at leaſt The velocity of 5 body may be ſo — 
that it ſnall move in a parabola, and having once paſ- 
ſed about the ſun, ſhall aſcend for ever without retur- 
ning any more: but the ſun will be placed in the fo- 
cus of this parabola, With a velocity ſtill greater the 
body will move in an hyperbola. But it is moſt pro- 
bable, that the comets move in elliptical orbits, tho? 
af a very oblong, or in the phraſe of aſtronomers, of 


_ very eccentric form, ſuch as is repreſented in fig. 
oy, where 8 is the ſun, C the comet, and AB DE. 
its orbit, wherein the diſtance of S and D far exceeds 
that of Sand A. Whence it is, that they ſometimes: 
are found at a moderate diſtance from the ſun, and ap- 
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aſcend to vaſt diſtances, far 
Saturn, and ſo become inviſible. That the comets do 


- within the planetary regions; at other times they 
ie beyond the very orbit of 


r 


covered by any one not poſſeſſed of the utmoſt force of 


invention. | S266 e 
4. T Hos k computations depend upon this princi- 


bit ©. | 


F. Now what confirms this whole theory beyond 


b Ibid, Pap: 500, and 520, &c. | 
© Princ, philoſ. Lib. III. prop. 40. 
_ © Ibid, prop. 41. 
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and this in comets, whole motions are very extraordi- 

nary *. 15 : ſep ig | 

| : O vx author afterwards ſhews how to make uſe |] 

of any ſmall deviation from the parabola, that ſhall be i 
obſerved, to determine whether the orbits of the co- 
mets are elliptical or not, and fo to diſcover if the 

| ame comet returns at certain periods“. And upon ex- 

- amining the comet in 1680, by the Rule laid down for 
this purpoſe, he finds its orbit to agree more exactly 
to an ellipſis than to a parabola, though the ellipfis. 
be ſo very eccentric, that the comet cannot perform 
its period through it in the ſpace of yoo years. Up- 
on this Dr. HALLE obſerved, that mention is made 
in hiſtory of a comet, with the like eminent tail as 
this, having appeared three ſeveral times before; the 
firſt of which appearances was at the death of J] u- 
Lius CESAR, and each appearance was at the di- 

{tance of 5775 years from the next preceding. He 
therefore computed the motion of this comet in ſuch 
an elliptic orbit, as would require this number of years 
for the body to revolve through it; and theſe com- 
putations agree yet more perfectly with the obſervati- 
ons made on this comet, than any parabolical orbit 
will do. . 8 a 8 oy 
7. TRE comparing together. different appearances N 
of the ſame comet, is the only way to diſcover cer 
tainly the true form of the orbit: for it is impoſſi :. 
ble to determine with exactneſs the figure of an orbit ft 

| oo exceedingly. excentric, from ſingle obſervations ta- {ial 

ken in one part of it; and therefore Sir Is. NE W- 1. 
TO N propoſes to compare the orbits, upon the fup- $14 
poſition that they are parabolical, of ſuch comets as 
appear at different times; tor if the ſame orbit be 1 
found to be deſcribed by a comet at different times, TH 
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in all probability it will be the ſame comet which de- 
ſcribes it. And here he remarks from Dr. H A L. LE v, 
that the ſame orbit very nearly agrees to two appearan- 
ces of a comet about the ſpace of 75 years diſtance*; 
ſo that if thoſe: two appearances were really of the 
{fame comer, the tranſverſe axis of the orbit of the co- 


met would be near 18 times the axis of the earth's 
orbit; and the comet, when at its greateſt diſtance 


from the ſun, will be removed not leſs than 35 times 
as far as the middle diſtance of the earth 
8. AND this ſeems to be the ſhorteſt period of any 

of the comets. But it will be farther confirmed, if 
the ſame comet ſhould return a third time after ano- 


ther period of 75 years. However it is not to be ex- 


pected, that comets ſhould preſerve the fame regularity 
in their periods, as the planets; becauſe the great ec- 
centricity of their orbits makes them liable to ſuffer 
very conſiderable alterations from the action of the pla- 
nets, and other comets, upon them. 5 
9. Ir is therefore to prevent too great diſturbances 
in their motions from theſe cauſes, às our author ob- 
ſerves, that while the planets revolve all of them near- 
ly in the ſame plane, the comets are diſpoſed in very 


different ones, and diſtributed over all parts of the hea- 


vens; that, when in their greateſt diſtance from the 
ſun, and moving ſloweſt, they might be removed as 
far as poſſible out of the reach of each other's action *. 
The ſame end is likewiſe farther anſwered in thoſe co- 
mets, which by moving ſloweſt in the aphelion, or re- 
moteſt diſtance from the ſun, deſcend neareſt to it, by 
placing the aphelion of theſe at the greateſt height 
trom the ſun®. | „ 


1. OU philoſopher being led by his principles 


to explain the motions of the comets, in the manner 


now related, takes occaſion from thence to give us his 


thoughts upon their nature and uſe. For which end 
Net. Princ. philoſ. edit. 3. b Ibid. pag, be | 
pag. 524, TT... 


mm > 2 „ . 22e He ay 
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he proves in the firſt place, that they muſt neceſſarily 


be ſolid and compact bodies, and by no means any ſort 


of vapour or wg ſubſtance exhaled from the planets 


or ſtars: becauſe at the near diſtance, ro which ſome 
comets approach the ſun, ir could not be, but the im- 


menſe hear, to which they are expoſed, ſhould inſtan - 


rancouſly diſperſe and ſcatter any ſuch light volatile ſub- 
ſtance . In particular the forementioned comet of 1680 
deſcended ſo near the ſun, as to come within a ſixth part of 


the ſun's diameter from the ſurface of it. In which ſitu- 


ation it muſt have been expoſed, as appears by compu- 
tation, to a degree of hear exceeding the heat of the 
ſun upon our earth no leſs than 28000 times; and 


therefore might have contracted a degree of heat 2000 


times greater, than that of red hot iron*. Now a a 
ſubſtance, which could endure fo intenſe a heat, with- - 
out being diſperſed in vapour, muſt needs be firm and 


hk | | | 
11. Tr is ſhewn likewiſe, that the comets are opake 
ſubſtances, ſhining by a reflected light, borrowed from 


the ſun*®. 'This*1s proved from the obſervation, that 


comets, though they are approaching the earth, yet 


diminiſh in luttre, if at rhe ſame time they recede from 
the ſun; and on the contrary, are found to incfeaſe dai- 


ly in brightneſs, when they advance towards the ſun, 
though at the fame time they move from the earth. 


. 12. TRE comets therefore in theſe reſpects reſem- 
ble the planets z that both are durable opake bodies, 
and both revolve about the ſun in conic ſections. But 


farther the comets, like our earth, are ſurrounded by 
an armoſphere. The air we breath is called the earth's 
_ atmoſphere z,and it is moſt probable, that all the other 


planets are inveſted with the like fluid. Indeed here 


a difference is found between the planets and comets. 


The atmoſpheres of the planets are of ſo fine and 


ſubtile a ſubſtance, as hardly te be diſcerned at any 


2 Newt, Prince. philoſ. pag. 50 | e Ibid. pag. 484. 
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diſtance, by reaſon of the ſmall quantity of light which 


they reflect, except only in the planet Mars. In him 


there is ſome little appearance of ſuch a ſubſtance ſur- 
rounding him, as ſtars which have been covered by 
him are ſaid ro look ſome what dim a ſmall ſpace before 
his body comes under them, as if their light, when 
he is near, were obſtructed by his atmoſphere. But 


the atmoſpheres which ſurround the comets are ſo 


groſs and thick, as to reflect light very copiouſly. They 
are allo much greater in proportion to the body they 
ſurround, than thoſe of the planets, if we may judge 
of the reſt from our air; for it has been obſerved of 
comers, that the bright light appearing in the middle 
of them, which is reflected from the folid body, is 
ſcarce a ninth or tenth part of the whole comet. 
13. I ſpeak only of the heads of the comets, the 
moſt lucid part of which is ſurrounded by a fainter 


light, the moſt lucid part being uſually not above a 


ninth or tenth part of the whole in breadth *. Their 


& 


tails are an appearance very peculiar, nothing of the 


ſame nature appertaining in the leaſt degree to any o- 
ther of the celeſtial bodies. Of that appearance there 
are ſeveral opinions; our author reduces them to three ®. 
The two firſt, which he propoſes, are rejected by him; 
but the third he approves. The firſt is, that they a- 


riſe from a beam of light tranſmitted thro' the head 


of the comet, in like manner as a ſtream of light is 
diſcerned, when the ſun ſhines into a darkened room 
through a ſmall hole. This opinion, as Sir IS A Ac 


NEWrON obſerves, implies the authors of it whol- 
ly unskilled in the principles of optics; for that ſtream 
of light, ſeen in a darken'd room, ariſes from the re- 


flection of the ſun heams by the duſt and motes float- 


ing in the air: for the rays of light themſelves are not | 


ſeen, but by their being reflected to the eye from ſome 
ſubſtance, upon which they fall“. The next opinion 


2 Newt, Princ. philoſ. pag. 481. d bid. pag. 509 
© See the fore-cited place. 1 
On ecxamin- 
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examined by our author is that of the celebrated D Es 
CAR TES, who imagins theſe tails to be the light of 
the comer refracted in its paſſage to us, and thence af- 
fording an oblong repreſentation z as the light of the 
ſun does, when refracted by the priſm in that noted 
experiment, which will have a great ſhare in rhe third 
book of this diſcourſe*. But this opinion is at once 
overturned from this conſideration oniy, that the pla- 


nets could be no more free from this refraction than 


the comets; nay ought to have larger or brighter tails, 
than they, becauſe rhe light of the planets is ſtrong- 
eſt. However our author has thought proper to add 
ſome farther objections againſt this opinion: for in- 
ſtance, that theſe tails are not variegated with colours, 
as is the image produced by the priſm, and which is 
inſeparable from that unequal refraction, which produ- 


ces that diſproportioned length of the image. And 


beſides, when the light in its paſſage from different 
comets to the earth deſcribes the ſame path through 
the heavens, the refraction of it ſnould of neceſſity be 
in all reſpects the ſame. But this is contrary to obſer- 
vation; for the comet in 1680, the 28th day of De- 
cember, and a former comet in the year 1577, the 
29th day of December, appear'd in the fame place of 
the heavens, that is, were ſeen adjacent to the ſame 
fixed ſtars, the earth likewiſe being in the ſame place 
at both times; yet the tail of the latter comet devia- 
ted from the oppoſition to the ſun a little to the north- 
ward, and the tail of the former comet declined from 


the oppoſition of the ſun five times as much ſouth- 


ward ?. „„ | 8 TR 
14. FyERE ame ſome other falſe opinions, though 


lefs regarded than theſe, which have been advanced up- 
on this argument. Theſe our excellent author paſſes _ 


over, haſtening to explain, what he takes to be the 
true cauſe of this appearance. He thinks it is cer- 
2 Ibid. and Carteſ. Princ. Phil. part 3.5 $34, Ke, | 
b Vid. Phil, Nat. Princ, Math. p. 511, | - 
„ 9 EN. tainly 
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tainly owing to ſteams and vapours exhaled from the 
body, and groſs — of the Comets, by the 
heat of the ſun; becauſe 


the comet is deſcending to the ſun, but enlarge them- 
ſelyes to an immenſe degree, as ſoon as ever the comet 
has paſſed its perihelion; which ſhews the tail to de- 


pend upon the degree of heat, which the comet re- 
ceives from the ſun. And that the intenſe heat to 
which comets, when neareſt the ſun, are expoſed, 
| ſhould exhale from them a very copious vapour, is a 


moſt reaſonable ſuppoſition z eſpecially if we conſider, 
that in thoſe free and empty regions ſteams will more 


eaſily aſcend, than here upon the ſurface af the earth, 
where they are ſuppreſſed: and hindered from riſing by 


the weight of the incumbent air ; as we find by ex- 
periments made in veſſels exhauſted of the air, where 
upon removal of the air ſeveral jubſtances will fume 
and diſcharge ſteams plentifully, which emit none in 
the open air. The tails of comets, like ſuch a vapour, 


are always in the plane of the comet's orbit, and op- 
poſite to the ſun, except that the upper part thereof 
inclines towards the parts, which the comet has left 


by its motion; reſembling perfectly the ſmoak of a 
burning coal, which, if the coal remain fixed, aſcends 


from it perpendicularly; but, if the coal be in motion, 
aſcends obliquely, inclining from the motion of the 
coal. And beſides, the tails of comets may be com- 
pared to this ſmoak in another reſpect, that both of 


them are denſer and more compact on the convex ſide, 
than on the concave. The different appearance of the 


head of the comet, aſter it has paſt its perihelion, from 
© What it had before, confirms greatly this opinion of 
their tails : for ſmoke raiſed by a ſtrong heat is black- 
er and groſſer, than when raiſed by a leſs; and ac- 
cCordingly the heads of comets, at the fame diſtance 


from the ſun, are obſerved leſs bright and ſhining af- 


ter the perihelion than before, as if obſcured by ſuch 
43 grols ſmoke. if. Tux 


all the appearances agree per- 
fectly to this ſentiment. The tails are bur ſmall, while 


17. THe obſervations of HE VYEL Tus upon the 
atmoſpheres of comets ſtill farther illuſtrate the ſame; 
who relates, that the atmoſpheres, eſpecially that part 


of them next the ſun, are remarkably contracted when 


near the ſun, and dilated again afterwards. 

16. To give a more full idea of thele tails, a rule is 
laid down by our author, whereby to determine at a- 
ny time, when the vapour in the extremity of the tail 
firſt roſe from the head of the eomer. By this rule it 
is found, that the tail does not conſiſt of a fleeting va- 
pour, diſſipated ſoon after it is raiſed, but is of long con- 
tinuance; that almoſt all the vapour, which roſe about 
the time of the perihelion from the comet of 1680, 
continued to accompany it, aſcending by degrees, be- 


ing ſucceeded conſtantly by freſh matter, which ren- 


dered the tail contiguous to the comet. From this com- 


putation the tails are found to participate of another 


property of aſcending vapours, that when they aſcend 
with the greateſt velocity, they are leaſt incurvated. 


17. THE only objection that can be made againſt 


this opinion is the difficulty of explaining, how a ſuffi- 
cient quantity of vapgur can be raiſed from the atmo» 
ſphere of a comet to fill thoſe vaſt ſpaces, through 


which their tails are ſometimes extended. This our 


author removes by the following computation : our air 
being an elaſtic fluid, as has been ſaid before *, is more 
denſe here near the ſurface of the earth, where it is preſ- 
ſed upon by the whole air above; than it is at a di- 
ſtance from the earth, where it has a les weight incurh- 
bent. I have obſerved, that the denſity of the air is 
reciprocally proportional to the compreſſing weight. 
From hence our author computes to what degree of 


rarity the air muſt be expanded, according to this rule, 


at an height equal to a ſemidiameter of the earth: and he 
finds, that a globe of ſucly air, as we breath here on 
the ſurface of the earth, which ſhall be one inch only 
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which the air muſt have at the height now mentioned, 
would fill all the planetary regions even to the very 
ſphere of Saturn, and far beyond. Now ſince the air at 
a greater height will be till immenſly more rarified, 
and the ſurface of the atmoſpheres. of comets is uſually 


met, as the ſurface of the comet it ſelf, and the tails 


comet; the vapour, which compoſes thoſe tails, may 
very well be allowed to be ſo expanded, as that a mo- 


are ſeen to take up. Though indeed the atmoſpheres of 
comets being very groſs, they will hardly be rarified in 
1 their tails to ſo great a degree, as our air under the 
4 {ame circumſtances z eſpecially ſince they may be ſome- 
| thing condenſed, as well by their gravitation to the 
ſun, as that the parts will gravitate to one another; 
which will hereafter be ſhewn to be the vaiverſal pro- 
perty of all matter *, The only ſcruple left is, how fo 

much light can be reflected from a vapour fo rare, as 

this computation implies. . For the removal of which 


our author obſerves, that the moſt refulgent of thele 
tails hardly appear brighter, than a beam of the ſun's . 
light tranſmitted into a darkened room through a hole 
| 3 ſingle inch diameter; and that the ſmalleſt fixed 
- ſtars are viſible through them without any ſenſible di- 


minution of their luſtre. 
What is the true nature of the rails. of comers. There 
has indeed nothing been ſaid, which will account for 
the irregular figures, in which thoſe tails are ſometimes 
reported to have appeared; but ſince none of thoſe ap- 
pearances have eyer been recorded by aſtronomers, who 
on the contrary aſcribe the ſame likeneſs to the tails of 
all comets, our author with great judgment refers all 


. TD woe 


in diameter, if it were expanded to the degree of rarity, 


about ten times the diſtance from the center of the co- 


are yet vaſtly farther removed from the center of the 


derate quantity of matter may fill all that ſpace, they 


18. ALL theſe conſiderations put it beyond doubt, 
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thoſe to accidental refractions by intervening clouds, or 
to parts of the milky way contiguous to the comers *. 


19. THE diſcuſſion of this appearance in comets has 


led Sir Isa Ac Newrox into ſome ſpeculations relating 
to their uſe, which I cannot but extreamly admire, as 


repreſenting in the ſtrongeſt light imaginable the ex- 


tenſive providence of the great author of nature, who, 
beſides the furniſhing this globe of earth, and without 
doubt the reft of the planers, ſo abundantly with eve- 
ry thing neceſſary for the ſupport and eontinuance of 


the numerous races of plants and animals, they are ſtock- 
ed with, has over and above provided a numerous train 


of comets, far exceeding the number of the-planets, to 
rectify continually, and reſtore their gradual decay, 


which is our author's opinion concerning them *. For 
ſince the comets are ſubject to ſuch unequal degrees of 


heat, being ſometimes burnt with the moſt intenſe de- 
oree ot it, at other times {carce receiving any ſenſible 
influence from the ſun; it can hardly be hppolcd, they 


are deſigned for any ſuch conſtant uſe, as the planets. 
Now the tails, which they emit, like all other kinds of 


vapour, dilate themſelves as they aſcend, and by conſe- 
quence are gradually diſperſed and ſcattered through all 
the planetary regions, and thence cannot but be gather- 
ed up by the planets, as they paſs through their orbs: 
for the planets having a power to cauſe all bodies to 
gravitate towards them, as will in the ſequel of this diſ- 


courſe be ſhewn © ; theſe vapours will be drawn in 
procels of time into this or the other planet, which hapr 


pens to act ſtrongeſt upon them. And by entering the 
atmoſpheres of the earth and other planets, they may 
well be ſuppoſed ro contribute ro rhe renovation of the 
face: of things, in particular to ſupply the diminution 


cauſed in the humid parts by vegetation and putrefac- 
tion. For vegetables are nouriſhed by moiſture, and by 


2 All theſe arguments are laid d Philoſ. Nat. Princ. Lib. III. 
down in Philoſ. Nat. Princ. Ld. p- 515. c 
III. from p. 309. to 517. © Ch. 5. 
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putrefaction are turned in great part into dry earth; and 
an earthy ſubſtance always ſubſides in fermenting li- 
quors; by which means the dry parts of the planets 
muſt continually increaſe, and the fluids diminiſh, nay 
in a ſufficient length of time be exhauſted, if not ſup- 
plied by ſome ſuch means. It is farther our great au- 
Thor's opinion, that the moſt ſubrile and active parts of 
our air, upon which the life of things chiefly depends, 
is derived to us, and ſupplied by the comets. So far are 


they from portending any hurt or miſchief to us, which 


the natural fears of men are ſo apt to ſuggeſt from the 
appearance of any thing uncommon and aſtoniſhing. 
20. THAr the tails of comets have ſome ſuch im- 
2 uſe ſeems reaſonable, if we conſider, that thoſe 
odies do not ſend out thoſe fumes merely by their near 
approach to the ſun; but are framed of a texture, 


Which diſpoſes them in a particular manner to fume in 
that ſort : for the earth, without emitting any ſuch 


ſteam, is more than half the year at a leſs diſtance from 
the ſun, than the comet of 1664 and 1665 approach- 


ed ir, when neareſt ; likewiſe the comets of 1682 and 


1683 never approached the ſun much above a ſeventh 


part nearer than Venus, and were more than half as 

far again from the ſun as Mercury; yet all theſe emit- 

ted tails. TT: 
21. FROM the very near approach of the comet of 


1680 our author draws another ſpeculation ; for if the 
ſun have an atmoſphere about it, the comet mention- 
ed ſeems to haye deſcended near enough to the ſun to 


enter within it. If fo, it muſt have been ſomething re- 


rarded by the refiſtance it would meet with, and conſe- 
quently in its next deſcent to the ſun will fall nearer 
than now; by which means it will meet with a grea- 


ter reſiſtance, and be again more retarded. The event 
of which muſt be, that at length it will impinge upon 
the ſun's ſurface, and thereby ſupply any decreaſe, which 


may have happened by ſo long an emiſſion of light, or 
otherwiſe. And ſomething like this our author conjec- 
| | tures 
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tures may be the caſe of thoſe fixed ſtars, which by an 


additional increaſe of their luſtre have for a certain time 
become viſible to us, though uſually they are out of 
fight. There is indeed a kind of fixed Stars, which 
appear and diſappear at regular and equal intervals : here 
ſome more ſteady cauſe muſt be ſought for; perhaps 
theſe ſtars turn round their own axis's, as our ſun does ?, 

and have ſome part of their body more luminous than 
the other, whereby they are ſeen, when the molt lucid 


part 1s next to us, and when the darker part is turned 


toward us, they vaniſh out of ſight. 


22. WHETHER the ſun does really diminiſh, as 


has been here ſuggeſted, is difficult to prove; yet that 
it either does fo, or that the carth increaſes, if not both, 
is rendered probable from Dr. HALLE v's obſervation *, 
that by comparing the proportion, which the periodi- 
cal time of the moon bore to that of the ſun in former 


times, the proportion between them at preſent, 
the moon is found to be ſomething accelerated in reſpect 
of the ſun. But if the ſun diminiſh, the periods of the 


E Planets will be lengthened; and if the earth 
be encreaſed, the period of the moon will be ſhorten- 
ed: as will appear by the next chapter, wherein it 
ſhall be ſhewn, that the power of the ſun and earth is 
the reſult of the ſame power being lodg'd in all their 
parts, and that this principle of producing gravitation 
1 

en body. 

2 See Ch. 1. $ 11. 125 | appeared withi the laſt 1 50 years 
b Net. Princ. Philo, p. 525, | may be ſeen in the Philoſophical 


$26, An account of all the ſtars | tranſaRtions, vol. 29. numb. 
pk both theſe kinds, which have | 346. 
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CHAP. V. 


Of the BODIES of the SUN and 


UR author, after having diſcovered that the ce- 
leſtial motions are performed by a force extend- 
ed from the ſun and primary planets, follows this your 
er into the deepeſt receſſes of thoſe bodies themſelves, 
and proves the fame to accompany the ſmalleſt particle, 
of which they are compoſed. | 
2. PREPARATIvE hereto he ſhews firſt, that 
each of the heavenly bodies attracts the reſt, and all 


bodies, with ſuch different degrees of force, as that the 


force of the ſame attracting body is exerted on others 


exactly in proportion to the quantity of matter in the 
body attracted *. mr. 5 
3. Oy this the firſt proof he brings is from experi- 
ments made here upon the earth. Fhe power by which 
the moon is influenced was above ſhewn to be the ſame, 
with that power here on the ſurface of the earth, which 


we call gravity *. Now one of the effects of the prin- 


cCiple of gravity is, that all bodies deſcend by this force 


from the ſame height in equal times. Which has been 


Tong taken notice of ; particular methods having been 


invented to ſhew that the only cauſe, why ſome bodies 


were obſerved to fall from the ſame height ſooner than 
others, was the reſiſtance of the air. This we have 
above related ©; and proved from hence, that ſince bo- 


dies reſiſt to any change of rheir ſtate from reſt to mo- 


tion, or from motion to reſt, in proportion to the quan- 


tity of matter contained in them; the power that can 


2 Newt. Princ. Philoſ. Nat. | Þ Ch. 3. 5 6. ? 
Lib., 111, prop. 6. e Book I. Ch, 2. $ 24. 


move 
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move different quantities of matter equally, muſt be 
proportional to the quantity. The only objection here 


is, that it can hardly be made certain, whether this 


proportion in the effect of gravity on different bodies 
holds perfectly exact or not from theſe experiments; 
by reaſon that the great ſwiftneſs, with which bodies 
fall, prerents our being able to determine the times of 
their deſcent with all the exactneſs requiſite. Therefore 
to remedy this inconvenience, our author ſubſtitutes a- 


nother more certain experiment in the room of theſe 
made upon falling bodies. Pendulums are cauſed to vi- 
brate by the ſame prineiple, as makes bodies deſcend; 


the power of gravity putting them in motion, as well 
as the other. Bur if the ball of any pendulum, of the 
fame length with another, were more or leſs attracted 
in proportion to the quantity of ſolid matter in the ball, 
that pendulum muſt accordingly move faſter or flower 
than the other. Now the vibrations of pendulums con- 


tinue for a great length of time, and the number of 


vibrations they make may eaſily be determined without 
ſuſpicion of error; ſo that this experiment may be ex- 
tended to what exactneſs one pleaſes : and our author aſ- 
ſures us, that he examined in this way ſeveral ſubſtan- 
ces, as gold, ſilver, lead, glaſs, ſand, common ſalt, 


wood, water, and wheat; in all which he found not 


the leaſt deviation from the proportion mentioned, 
though he made the experiment in ſuch a manner, that 


in bodies of the ſame weight a difference in the quan- 


tity of their matter leſs than a thouſandth part of the 
whole would have diſcovered it ſclf . It appears there- 
fore, that all bodies are made to deicend by the power of 


gravity here, near the ſurface of the earth, with the 


lane degree of ſwiftneſs. We have above obſerved this 


deſcent to be after the rate of 165 feet in the firſt ſe- 


cond of time from the beginning of their fall. More- 
_ over it was allo obſerved, that it any body, which fell 


N ewt. Prince. Lib. III. prop. 6. 
1 | here 


41" 
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here at the ſurface of the earth aſter this rate, were to 
be conveyed up to the height of the moon, it would 
deſcend from thence juſt with the ſame degree of ve- 
locity, as that with which the moon is attracted to- 
ward the earth; and therefore the power of tlie earth 
upon the moon bears the ſame proportion to the pow- 
er it would have upon thoſe bodies at the ſame diſtance, 
as the quantity of matter in the moon bears to the 
quantity in thoſe bodies. RF, 


1 tional to the quantity of ſolid matter in the body acted 
| on. As to the ſun, ir has been ſhewn, that the power 
of the ſun's action upon the ſame primary planer is re- 


and that the power of the ſun decreafes throughour in 
the fame proportion, the motion of comets traverſing 


if any planet were removed from the ſun to any other 


the ſun would yet remain reciprocally in the duplicate 
proportion of its diſtance. But it has likewiſe been 


gives to every one of the planets, is reciprocally in the 
e proportion of their reſpective diſtances. All 
which compared together puts it out of doubt, that 


ty of deſcent, as it gives that other; and conſequently, 
that the ſun's action upon different planets at the ſame 
diſtance would. be proportional to the quantity of mat- 
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attracts the primary planets, and their reſpective ſecon- 


force, wherewith the ſun acts on the ſecondary planet, 
bears the ſame proportion to the force, wherewith at 
| . e the 


A o „ Þo©a 


5 4. Tus the aſſertion laid down is proved in the 
EL earth, that the power of the earth on every body it 
| attracts is, at the ſame diſtance from the earth, propor- 


ciprocally in the duplicate proportion of the diſtance z 


the whole planetary region teſtifies. This proves, that : 


diſtance whatever, the degree of its acceleration toward 


ſhewn, that the degree of acceleration, which the ſun 


the power of the ſun upon any planet, removed into 
the place of any other, would give it the fame veloci- 


ter in each. It has farther been ſhewn, that the ſun 


dary, when at the ſame diſtance, ſo as to communicate 
to both the ſame degree of velocity; and therefore the 


r r 
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the ſame diſtance it attracts the primary, as the quan- 


tity of ſolid matter in the ſecondary planet bears to the 


quantity of matter in the primary. 


F. Tm1s property therefore is proved of both kinds 


of planets, in reſpect of the ſun. Therefore the ſun 


poſſeſſes the quality found in the earth, of acting on 


dies with a degree of force proportional to the quan- 
tity of matter in the body, which receives the influence. 
6. THA r the power of attraction, with which the 
. other planets are endued, ſhould differ from that of the 
earth, can hardly be ſuppoſed, if we conſider the ſimi- 
_ lirude between thoſe bodies; and that it does not in 
_ this -xeſpect;/is farther proved from the ſatellites of Sa- 
_ prwandiJupiter, which are attracted by their reſpective 
rim@ytaccording to the ſame law, that is, in the ſame 


| Proper to their diſtances, as the primary are attracted 
by the ſun. : fo that what has been concluded of the 


ſun in relation to the primary planets, may be juſtly 


coneluded of theſe primary in reſpect of their ſeconda- 
ry, and in conſequence of that, in regard likewiſe to 
all other bodies, viz. that they will attract every body 
in proportion to the quantity of ſolid matter it contains. 


7. HENCE it follows, that this attraction extends 


itſelf to every particle of matter in the attracted body: 
and that no portion of matter whatever is exempred 
from the influence of thoſe bodies, ro which we have 

proved this attractive power to belong. 3 
8. BEFORE we proceed farther, we may here re- 


mark, that this attractive power both of the ſun and 


planets now appears to be quite of the ſame nature in all; 
for it acts in each in the ſame proportion to the diſtance, 
and in the fame manner acts alike upon every particle 


of matter. This power therefore in the ſun and other 


planets is not of a different nature from this power in 
the earth; which has been already ſhewn to be th 
ſame with that, which we call gravity *. - | 


2 Ch. 3. $ 6. | Tr 
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9. AN p this lays opei the way to prove, that the 


attracting power lodged in the ſun and planets, belongs 
hkewiſe to every part of them; and that their reſpec- 
tive powers upon the ſame body are proportional to 
the quantity of matter, of which they are compoſed; 
for inſtance, that the force with which the earth at- 
tracts the moon, is to the force, with which the ſun 
would attract it at the ſame diſtance, as the quantity 
of ſolid matter contained in the earth, to the quantity 
Sontained im thic:fan®. wms 

10. TRE firſt of theſe Aſſertions is a very evident 
conſequence from the latter. And before we proceed 
to the proof, it muſt firſt be ſhewn, that the third 
law of motion, which makes action and reaction equal, 
holds in theſe attractive powers. The moſt remarka- 
ble attractive force, next to the power of gravity, is 


that, by which the loadſtone attracts iron. Now if 


a loadſtone were laid upon water, and ſupported by 
ſome proper ſubſtance, as wood or cork, ſo that ic 
might ſwim; and if a piece of iron were cauſed to 
ſwim upon the water in like manner: as ſoon as the 
loadſtone begins to attract the iron, the iron ſnall move 
toward the ſtone, and the ſtone ſhall alſo move toward 
the iron; when they meet, they ſhall ſtop each other, 
and remain fixed together without any motion. This 
news, that the velocities, wherewith they meet, are 
reciprocally proportional to che quantities of ſolid mat- 
ter in each; and that by the ſtone's attracting the iron, 
the ſtone itſelf receives as much motion, in the ſtrict 
philoſophic ſenſe. of that word , as it communicates 
to the iron: for it has been declared above to be an 


effect of the percuſſion of two bodies, that if they 


meet with velocities reciprocally proportional to the re- 
ſpective bodies, they ſhall be ſtopped by the concourſe, 


- unle(s their elaſticity put them into freſ motion; but 


if they meet with any other velocities, they ſhall re- 


2 Newt. Princ. philoſ. Lib. III. b See Book 1, Ch. 1. 5. 25. 
prop, 7. cor. 1. „ 
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tain ſome motion after meeting *. Amber, glaſs, ſeal- 
ing-wax, and many other ſubſtances acquire by rubbing 
a power, which from its having been remarkable par- 
ticularly in amber, is called electrical. By this pow- 
er they will for ſome time after rubbing attract light 
bodies, that ſhall be brought within the ſphere of their 
activity. On the other hand Mr. Bo Y LE found, 


that if a piece of amber be hung in a perpendicular 
poſition by a ſtring, it ſhall be drawn itſelf toward 


the body whereon it was rubbed, if that body be 
brought near it. Both in the loadſtone and in elec- 
trical bodies we uſually aſcribe the power to the par- 


ticular body, whoſe preſence we find neceſſary for pro- 


ducing the effect. The loadſtone and any piece of 
iron will draw each other, but in two pieces of iron 
no ſuch effect is ordinarily obſerved; therefore we call 


this attractive power the power of the loadſtone: tho? 


near a loadſtone two pieces of iron will alſo draw each 
other. In like [manner the rubbing of amber, glaſs, 
or any ſuch body, till it is grown warm, being ne- 

ceſſaty to cauſe any action between thoſe bodies and 


other ſubſtances, we aſcribe the electrical power to 


thoſe bodies. Bur in all theſe caſes if we would ſpeak 
more correctly, and not extend the ſenſe of our ex- 
preſſions beyond what we ſee; we can only ſay that 
the neighbourhood of a loadſtone and a piece of iron 


is attended with a power, whereby the loadſtone and 
the iron are drawn toward each other; and the rub- 


bing of electrical bodies gives riſe to a power, where- 
by thoſe bodies and other ſubſtances are mutually at- 
tracted. Thus we muſt alſo underſtand in the power 
of gravity, that the two bodies are mutually made to 


approach by the action of that power. When the 


ſun draws any planet, that planet alſo draws the ſun; 
and the motion, which the planet receives from the 
ſun, bears the ſame proportion to the motion, which 
the ſun it ſelf receives, as the quantity of ſolid matter 
WD 8e * I, Ch, 1. 5. . 6. 
. 1 
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in the ſun bears to. the quantity of ſolid matter in the | 
planet. Hitherto, for brevity ſake in ſpeaking of theſe 
torces, we have generally aſcribed them to the body, 
which is leaſt moved; as when we called the power, D 
which exerts itſelf between the fun and any planet, the | 
attractive power of the ſun; but to ſpeak more cor- 
WM realy, we ſhould rather call this power in any caſe the 
oh force, which acts between the ſun and earth, between 
the ſun and Jupiter, between the earth and moon, &c. 
for both the bodies are moved by the power acting 
between them, in the ſame manner, as when two bo- 
| dies are 'ticd-rogether by a rope, if that rope ſhrink 
| by being wet, or otherwiſe, and thereby cauſe the bo- 
| dies to approach, by drawing both, it will communi- 
cate to both the ſame degree of motion, and cauſe 
them to approach with velocities reciprocally or- 
tional to the reſpective bodies. From this . 
between the ſun and planet it follows, as has been obſer- 
ved above *, that the ſun and planet do each move about 
their common center of gravity. Let A (in fig. 108.) 
repreſent the ſun, B a planet, C their common center 
of gravity. If theſe bodies were once at reſt, by their 
mutual attraction they would directly approach each other 
with ſuch velocities, that their common center of gravity 
would remain at reſt, and the two bodies would at length 
meet in that point. If the planet B were to receive an im- 
poullſe, as in the direction of the line B E, this would prevent 
the two bodies from falling together; but their common 
center of gravity would be put into motion in the directi- 
on of the line C F equidiſtant from B E. In this caſe Sir 
ISAAC New ron proves, that the ſun and planet 
would deſcribe round their common center of gravity ſi- 
milar orbits, while that center would proceed with an uni- 
form motion in the line C F; and ſo the ſyſtem of the two 
bodies would move on with the center of gravity without 
end. In order to keep the ſyſtem in the ſame place, it is ne- 
ceſſary, that when the planet received its impulſe in the di- 
e. „ . , > Newt. Princ. Lib. 1. prop. 63. 
| rection 


rection B E, the ſun ſhould alſo receive ſuch an impulſe the 
contrary way, as might keep the center of gravity C with- 
out motion; for if theſe began once to move without giv- 


ing any motion to their common center of gravity, 


that center would always remain fixed. 

11. By this may be underſtood in what manner the 
action between the ſun and planets is mutual. But far- 
ther, we have ſhewn above“, that the power, which 
acts between the ſun and primary planets, is altoge- 
ther of the ſame nature with that, which acts between 
the earth and the bodies at its ſurface, or between the 
earth and its parts, and with that which acts between 


the primary planets and their ſecondary; therefore all 


theſe actions muſt be aſcribed to the ſame cauſe*. A- 
gain, it has been already proved, that in different pla- 
nets the force of the ſun's action upon each at the 
fame diſtance would be proportional to the quantity of 


ſolid matter in the planet; therefore the reaction of 
each planet on the ſun at the ſame diſtance, or the 


motion, which the ſun would receive from each pla- 
net, would alſo be proportional to the quantity of 
matter in the planet; that is, theſe planets at the ſame di- 


ſtance would act on the ſame body with degrees of ſtrength 


proportional to the quantity of ſolid matter in each. 


12. IN the next place, from what has been now 


roved, our great author has deduced this farther con- 


equence, no leſs ſurprizing than elegant; that each of 


the particles, out of which the bodies of the ſun and 
planets are framed, exert their power of gravitation by 
the ſame law, and in the ſame proportion to the di- 
ſtance, as the great bodies which they compoſe. For 
this purpoſe he firſt demonſtrates, that if a globe were 
compounded of particles, which will attract the par- 
ticles of any other body reciprocally in the duplicate 
proportion of their diſtances, the whole globe will at- 
tract the ſame in the reciprocal duplicate proportion 
of their diſtances from the center of the globe; pro- 


2 F8, b See Introd. g 23. 0 5 4, f. 
| Ex: - vided 
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vided the globe be of uniform denſity throughout . 

And from this our author deduces the reverſe, that if 
a globe acts upon diſtant bodies by the law juſt now 
ſpecified, and the power of the globe is derived from 
its being compoſed of attractive particles; each of 
thoſe particles will attract after the ſame proportion®. 
The manner of deducing this is not ſer down at large 
by our author, but is as follows. The globe is ſup- 
poſed to act upon the particles of a body without it 
conſtantly in the reciprocal duplicate ci ogg of 
their diltances from its center; and therefore at the 
fame diſtance from the globe, on which ſide ſoever 
the body be placed, the globe will act equally upon it. 
Now becauſe, if the particles, of which the globe is 
compoſed, acted upon thoſe without in the reciprocal 
duplicate proportion of their diſtances, the whole globe 
would act upon them in the ſame manner as it does; 
therefore, if the particles of the globe have not all of 
them that property, ſome muſt act ſtronger than in 
that proportion, while others act weaker : and if this 
be the condition of the globe, it is plain, that when 
the body attracted is in ſuch a fituation in reſpe& of 
the globe, that the greater number of the ſtrongeſt par- 
ticles are neareſt to it, the body will be more forcibly 
attracted; than when by turning the globe about, the 
greater quantity of weak particles ſhould be neareſt, 
though the diſtance of the body ſhould remain the 
fame from the center of the globe. Which is con- 
trary to what was at firſt remarked, that the globe 
on all ſides of it acts with the fame ſtrength at the ſame 
diſtance. Whence it appears, that no other conſtitu- 
Lion of the globe can agree to it. 
13. FROM theſe propoſitions it is farther collect- 
ed, that if all the particles of one globe attract all the 
particles of another in the proportion ſo often menti- 
oned, the attracting globe will act upon the other in 
| +," 2 Newt. Princ. philoſ. Lib, I. prop. 74. ; 
d Ibid, coroll. 3. 


the 


the ſame proportion to the diſtance between the cen- 
ter of the globe which attracts, and the center of that 
which is attracted :: and farther, that this proportion 
holds true, though either or both the globes be com- 
poſed of diſſimilar parts, ſome rarer and ſome more 
denſe; provided only, that all the parts in the ſame 
globe equally diſtant from the center be homogene- 
ous®. And alſo, if both the globes attract each other*. 
All which place it beyond contradiction, that this pro- 
portion obtains with as much exactneſs near and con- 
tiguous to the ſurface of attracting globes, as at great- 
er diſtances from them. ; 5 
14. Tu us our author, without the pompous pre- 
tence of explaining the cauſe of gravity, has made one 
very important ſtep toward it, by ſhewing that this 
power in the great bodies of the univerſe, is derived 
from the ſame power being lodged in every particle 
of the matter which compoſes them: and conſe- 
quently, that this property is no leſs than univerſal to 
all matter whatever, though the power be too mi- 
nute to produce any viſible effects on the ſmall bodies, 
wherewith we converſe, by their action on each o- 


ther. In the fixed ſtars indeed we have no particu- 


lar proof that they have this power; for we find no 
appearance to demonſtrate that they either act, or are 
acted upon by it. But ſince this power is found to 


belong to all bodies, whercon we can make obſervati- 


on; and we ſee that it is not to be altered by any 
change in the form of bodies, but always accompa- 
nies them in every ſhape without diminution, remain- 
ing ever proportional to the quantity of ſolid matter 


in each; ſuch a power muſt without doubt belong 


univerſally to all matter. 


15. THis therefore is the univerſal law of matter; 

which recommends itſelf no leſs for its great plainneſs 

and ſimplicity, than for the ſurprizing diſcoveries it 
Lib. I. prop. 75. and Lib, 3. prop. 8. d Lib. I. prop. 76, 

V Ibid.cor. 5. | Vid. Lib. III. prop. 7. coroll. 1. 
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the planet, which carries about the ſatellite. 
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reached ſo far. 


16. SEE how all this naturally follows from the fore- 
going principles in thoſe planets, which have ſatellites 
moving about them. By the times, in which theſe ſatel- 


lites perform their revolutions, compared with their di- 


ſtances from their reſpective primary, the proportion be- 
tween the power, with which one primary attracts his 
ſatellites, and the force with which any other attracts his 


will be known; and the proportion of the power with 
which any planet attracts its ſecondary, to the power 
. with which it attracts a body at its ſurface is found, by 
comparing the diſtance of the ſecondary planet from the 
Center of the primary, to the diſtance of the primary 


planet's ſurface from the ſame: and from hence is dedu- 
ced the proportion between the power of gravity upon 
the ſurface of one planet, to the gravity upon the ſur- 


face of another. By the like method of comparing the 


periodical time of a primary planet about the ſun, with 
the revolution of a ſatellite about its primary, may be 


found the proportion of gravity, or of the weight of 


any body upon the ſurface of the ſun, to the gravity, 


or to the weight of the ſame body upon the ſurface of 


17. B v 
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17. B theſe kinds of computation it is found, that 
the weight of the ſame body upon the ſurface of the ſun 
will be about 23 times as great, as here upon the ſurface 
of the earth; about 103; times as great, as upon the 
ſurface of Jupiter; and near 19 times as great, as upon 
the ſurface of Saturn. | e 
18. THE quantity of matter, which compoſes each 
of theſe bodies, is proportional to the power it has up- 
on a body at a given diſtance. By this means it is found, 
that the ſun contains 1067 times as much matter as Ju- 
piter; Jupiter 1583 times as much as the earth, and 25 
times as much as Saturn*. The diameter of the ſun is 
about 92 times, that of Jupiter about 9 times, and that 
of Saturn about 7 times the diameter of the earth. 
19. By making a compariſon between the quantity 


of matter in theſe bodies and their magnitudes, to be 


found from their diameters, their reſpective denſities are 


readily deduced ; the denſity of every body being mea- 


ſured by the quantity of matter contained under the ſame. 
bulk, as has been above remarked ©... Thus the earth is 
found 4; times more denſe than Jupiter; Saturn has be- 
tween 3 and 4 of the denſity of Jupiter; but the ſun 
has one fourth part only of the denſity of the earth 4. 
From which this obſervation is drawn by our author; 
that the ſun is rarified by its great heat, and that of the 


three planets named, the more denſe is nearer the fun 


than the more rare; as was highly reaſonable to expect, 
the denſeſt bodies requiring the greateſt heat to agitate 
and put their parts in motion; as on the contrary, the 


planets which are more rare, would be rendered unfit 
for their office, by the intenſe heat to which the denſer 


are expoſed. Thus the water of our ſcas, if removed 


to the diſtance of Saturn from the ſun, would remain 


perpetually frozen; and if as near the ſun as Mercury, 
would conſtantly boil.. | 2 
2 Newt, Princ. Lib. II. prop. 8. coroll. 1. b Ibid, coroll. 2. 


Book I. Ch. 4. S 2. 4 Newt. Princ. Lib, III. prop. 8. coroll. 3. 
„ © Ibid, coroll. 4. N | 
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20. THE denſities of the three planets, Mercury, 
Venus, and Mars, which have no ſatellites, cannot be 
expreſly aſſigned; but from what is found in the others, 
it is very probable, that they alſo are of ſuch different 
degrees of denſity, that univerſally the planet which is 
_ to the ſun, is fgrmed of the moſt compact ſub- 


— 


r — 
r — 
. 


S 


DEER ST 
9 
EA 


1 
e 
————— 

. — 


r 


8 


. n 

* — —•— — LC 
wg OS or I 6 
. 


. I, 
— 22 


a: 
* n 
. 1 Gs 
2 — — — — 


Of the FLUID PARTS of the 


"T* HIS globe, that we inhabit, is compoſed of two 
1 poarts; the ſolid carth, which affords us a foun- 
dation to dwell upon; and the ſeas and other waters, 
that furniſh rains and — neceſſary to render the 


o - 


earth fraitful, and productive of what is requiſite for 
the ſupport of life. And that the moon, though but 
a ſecondary planet, is compoſed in like manner, is gene- 
rally thought, from the different degrees of light which 
appear on its ſurface; the parts 'of that planer, which 
reflect a dim light, being up} oſed to be fluid, and to 
imbibe the ſun's rays, while 2 ſolid parts reflect them 
more copiouſſy. Some indeed do not allow this to be 
4 concluſive argument: but whether we can diſtinguiſh 
the fluid part of the moon's ſurface from the reſt or not; 
yet it is moſt probable that there are two ſuch different 
rnb and with ſtill greater reaſon we may aſcribe the 


eto the other primary planets, which yet more near- 
I reſemble our earth. The earth is alſo encompaſſed 
by another fluid the air, and we have before remarked, 
that probably the reſt of the planets are ſurrounded by 

the ike, Theſe fluid parts in particular engage our 
- guthor's attention, both by reaſon of ſome remarkable 
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appearances peculiar to them, and likewiſe of ſome ef- 
fects they have upon the whole bodies to which they 
belong. | | = | 


O N 
2 7 LUIDS have been already treated of in general, 
with reſpect to the effect they have upon ſolid bodies 
moving in them; now we muſt conſider them in re- 
ference to the operation of the power of gravity up- 
on them. By this power they are rendred weighty, like 
all other bodies, in proportion to the quantity of mat- 
ter, which is contained in them. And in any quantity 
of a fluid the upper parts preſs upon the lower as much, 
as any ſolid body would preſs on another, wheręon it 
ſhould lie. But there is an effect of the preſſure of flu- 
ids on the bottom of the veſſel, wherein they are con- 
tained, which I ſhall particularly explain. The force 


the weight of the quantity of the fluid in the veſſel, 
but is equal to the weight of that quantity of the fluid, 
which would be contained in a veſſel of the ſame bot- 
tom and of equal width throughout, when this veſſel is 
filled up to the ſame height, as that to which the veſſel 
propojed is filled. Su ppoſe water were contained in the 
veſſel AB CD (in fig. 109.) filled up to EF. Here 


vhich is directly under my part of the ſpace E F, be con- 
ſidered ſeparately ; it will appear at once, that this part 
ſuſtains rhe err of as much of 58 Fe. as 2 
perpendicularly over it up to the height of EF; that is, 
* two perpendiculars G and H K being drawn, the 
part G H of the bottom will ſuſtain the whole weight of 
the fluid included between theſe two perpendiculars. 


broad with this, will ſuſtain as great a preſſure. Let the 
part L. M be of the ſame breadth with G H. Here the 
perpendiculars LO and MN being drawn, the quan- 
tity of water contained between theſe perpendiculars is 


* Book I. Ch, 4. 


Nor 


ſupported by the bottom of ſuch a veſſel is not fimply ® 


| it is evident, that if a part of the bottom, as GH, 


Again, I ſay, every other part of the bottom equall F 
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not ſo great, as that contained between the perpendi- 
culars GI and HK; yet, I ſay, the preſſure on LM 
will be equal to that on G H. This will appear by the 
following conſiderations. It is evident, that if the part 


of the veſſel between O and N were removed, the water 


would immediately flow out, and the ſurface E F would 
ſubſide; for all parts of the water being equally heavy, 
it muſt ſoon form it ſelf to a level ſurface, if the form 


of the veſſel, which contains it, does not prevent. 
Therefore fince the water is prevented from din, Ap | 
muſt 


the ſide N'O-of the veſſel, it is manifeſt, that it 
preſs againſt NO with ſome degree of force. In other 
words, the water between the perpendiculars LO and 
M N endeavours to extend it elk wich a certain degree 
of force; or môre correctly, the ambient water preſſes 
upon this, and endeavours to force this pillar or column 
of water into a greater length. Bur ſince this column 
of water is ſuſtained between NO and LM, each of 
theſe parts of the veſſel will be equally preſſed againſt 
by the power, Wwherewith this column endeavours to 
extend. Conſequently LM bears this force over and 
above the weight of the column of water between LO 
and MN. To know what this expanſive force is, let 
the part ON of the veſſel be removed, and the perpen- 
diculars L O and M N be prolonged; then by means of 


ſome pipe fixed over N O let water be filled between 
theſe perpendiculars up to P Quan equal height with E E, 


here the water between the perpendiculars LP and M Q_ 
is of an equal height with the higheſt part of the water in 
the veſſel; therefore the water in the veſſel cannot by its 
preſſure force it up higher, nor can the water in this column 
ſübſide; becauſe, if it ſhould, it would raiſe the water in the 
veſſel to a greater height than itſelf. But it follows from 
hence, that the weight of water contained between PO 
and QN is a juſt balance to the force, wherewith the 


column between LO and M N endeavours to extend. 


So the part L. M of the bottom, which ſuſtains both 
this force and the weight of the water between I. 8 


1 
vel 
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3. In the next place, in relation to the air, we have 
above made mention, that the air ſurrounding the earth 
being an elaſtic fluid, the power of gravity will have this 
effect on it, to make the lower parts near the ſurface 
of the earth more compact and compreſſed together by 
the weight of the air incumbent, than the higher parts, 
which are preſſed upon by a leſs quantity of the air, 
and therefore ſuſtain a leſs weight *. It has been alſo 
obſerved, that our author has laid down a rule for com- 

uting the exact degree of denſity in the air at all heights 
=o the carth*. But there is a farther effect from the 
air's being compreſſed by the power of gravity, which 
he has diſtinctly conſidered. The air being elaſtic and 
in a ſtate of compreſſion, any tremulous body will pro- 
pagate its motion to the air, and excite therein vibra- 
tions, which will ſpread from the body that occaſions 
them to a great diſtance. This is the efficient cauſe of 
ſound: for that ſenſation is produced by the air, which, 


as it vibrates, ſtrikes againſt the organ of hearing. As 


ſucceſs is ſurprizing. C 
4. Ou x author's doctrine upon this head I ſhall en- 
deavour to ee eee 1 e. But preliminary 
thereto muſt be ſhewn, what he has delivered in gene- 
ral of preſſure propagated through fluids; and alſo what 
he has ſet down relating to that wave: like motion, which 
appears upon the ſurface of water, when agitated by 
throwing any thing into it, or by the reciprocal mo- 
tion of the finger, G08. 5 | 


this ſubje& was extremely difficult, ſo our great author's 


F. Cox cERNIN s the firſt, it is proved, chat preſ- 
ſure is ſpread through fluids, not only right forward in 


_ ſtreight line, bur alfa laterally, with almoſt the ſame 
eaſe and force. Of which a very obvious exemplifica- 
tion by experiment is propoſed : that is, to agitate the 
ſurface of water by the reciprocal motion of the finger 


forwards and backwards only z for though the finger 


a Ch, 4 $ 17. v Ibid, 


have 
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have no circular motion given it, yet the waves exci- 
ted in the water will diffuſe themſelves on each hand of 
the direction of the motion, and ſoon ſurround the fin- 

er. Nor is what we obſerve in ſounds unlike to this, 


which do not proceed in ſtraight lines only, but are 


heard though a mountain intervene, and when they en- 


ter a room in any part of it, they ſpread themſelves into 


every corner; not by reflection from the walls, as ſome 
have imagined, but as far as the ſenſe can judge, direct- 
ly from the place where they enter. | 
6, How the waves are excited in the ſurface of ſtag- 
nant water, may be thus conceived. Suppoſe in any 
lace, the water raiſed above the reſt in form of a ſmall 
billock 3 that water will immediately ſubſide, and raiſe 
the circumambient water above the level of the parts 
more remote, to which the motion cannot be commu- 
nicated under longer time. And again, the water in ſub- 
ſiding will acquire, like all falling bodies, a force, which 


will carry it below the level ſurface, till at length the 


preſſure of rhe ambient water prevailing, it will riſe a- 
gain, and even with a force like to that wherewith it 
deſcended, which will carry it again above the level. 
Bur in the mean time the ambient water before raiſed 
will ſubſide, as this did, ſinking below the level; and 
in ſo doing, will not only raiſe the water, which firſt 
ſubſided, but alſo the water next without itſelf. So that 
now beſide the firſt hillock, we ſhall have a ring inveſt- 
ing it, at ſome diſtance raiſed above the plain ſurface 
likewiſe; and between them the water will be ſunk 
below the reſt of the ſurface. After this, the firſt hil- 
lock, and the new made annular riſing, will deſcend; 


raiſing the water between them, which was before de- 


preſſed, and likewiſe the adjacent part of the ſurface with- 
out. Thus will theſe annular waves be ſucceſſixely ſpread 
more and more. For, as the hillock ſubſiding produces 
one ring, and that ring ſubſiding raiſes again the hil- 
lock, and a ſecond ring; ſo the hillock and ſecond ring 
ſubſiding together raiſe the firſt ring, and a third; _ 
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this firſt and third ring ſubſiding together raiſe the firſt 
hillock, the ſecond ring, and a fourth; and ſo on con- 
tinually, till the motion by degrees ceaſes. Now it is 
demonſtrated, that theſe rings aſcend and deſcend in the 
manner of a pendulum; deſcending with a motion con- 
tinually accelerated, till they become even with the plain 
ſurface of the fluid, which is half the ſpace they de- 
ſcend; and then being retarded again by the ſame degrees 
as thoſe, whereby they were accelerated, till they are 
depreſſed below the plain ſurface, as much as they were 
before raiſed above it: and that this augmentation and 
diminution of their velocity proceeds by the fame de- 


grees, as that of a pendulum vibrating in a cycloid, and 


whoſe length ſhould be a fourth part of the diſtance 
between any two adjacent waves: and farther, that a 
new ring 1s produced every time a pendulum, whoſe 
length is four times the former, that is, equal to the in- 


terval between the ſummits of two waves, makes one of- 
cillation or ſwing *. | | 


7. THIS now opens the way for underſtanding the 1 


motion conſequent upon the tremors of the air, excited 
by the vibrations of ſonorous bodies: which we muſt 
conceive to be performed in the following manner. 
8. LET A, B, C, D, E, F, G, H (in fig. 1 10.) repre- 
ſent a ſeries of the particles of air, at equal diſtances 
from each other. I KL a muſical chord, which I ſhall 
uſe for the tremulous and ſonorous body, to make the 
conception as ſimple as may be. Suppoſe this chord 


ſtrerched upon the points I and L, and forcibly drawn 
into The ſituation I K L, fo that it become contiguous - 


to the particle A in irs middle point K: and let the 
chord from this ſituation begin ro recoil, preſſing againſt 


the particle A, which will thereby be put into moti- 
on towards B: but the particles A, B, C being equidi- 


ſtant, the elaſtic power, by which B avoids A, is equal 
to, and balanced by the power, by which it avoids C; 
therefore the elaſtic force, by which B 1s repelled from 
Void. Newton. Princ. Lib. II. prop. 46. 0 
7 


222 Sir TS AAC NEWTO N's Book II. 


m mw $5 ot mk 2! 


ot 


1 r 


Chap. 6. PHILOSOPHY. 2323 
A, will not put B into any degree of motion, till A is 
by the motion of the chord brought nearer to B, than 
B is to C: but as ſoon as that is done, the particle B 
will be moved towards C; and being made to approach 
C, will in the next place move that; which will up- 
on that advance, put D likewiſe into motion, and fo on: 
therefore the particle A being moved by the chord, the 


following particles of the air B, C, D, &c. will ſucceſ— 


ſively be moved. Farther, if the point K of the chord 
moves forward with an accelerated velocity, ſo that the 
particle A ſhall move againſt B with an advancing pace, 
and gain ground of it, approaching nearer and nearer 
continually ; A by approaching will preſs more upon B, 
and give it a greater velocity likewiſe, by reaſon that 
as the diſtance between the particles diminiſhes, the e- 
laſtic power, by which they fly each other, increaſes. 
Hence the particle B, as well as A, will have its mo- 
tion gradually accelerated, and by that means will more 
and more approach to C. And from the ſame cauſe C will 
more and more approach D; and ſo of the reſt. Suppoſe 
now, ſince the agitation of theſe particles has been ſhewn 
to be ſucceſſive, and to follow one another, that E be 
the remoteſt particle moved, while the chord is moving 
from its curve ſituation 1 K L into that of a ſtreight 
line, as I& L; and F the firſt which remains unaffected, 
though juſt upon the point of being put into motion. 
Then ſhall the particles A, B, C, D, E, F, G, when the 
point K. is moved into &, have acquired the rangement 
repreſented by the adjacent points a, b, c, d, e, f, g. 


in which a is nearer to 6 than & toc, and & nearer toc 


than c to 4, and c nearer to d than d to e, and d near- 
er to e than e to f, and laſtly e nearer to f than F to g. 


9. Bur now the chord having recovered its recti- 


linear ſituation I & L, the following motion will be 
changed, for the point K, which before advanced with 
a motion more and more accelerated, though by the 
force it has acquired it will go on to move the ſame 


way as before, till it has advanced near as far forwards, 


AS 
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as it was at firſt drawn backwards; yet the motion 
of it will henceforth be gradually leſſened. The effect 
of which upon the particles a, &, c, d, e, f, g will be, 
that by the time the chord has made its utmoſt ad- 
vance, and is upon the return, theſe particles will be 
put into a contrary rangement; ſo that f ſhall be nearer 
ro g, than e to 7, and e nearer to F than d to e; and 
the like of the reſt, till you come to the firſt parti- 
cles a, b, whoſe diſtance will then be nearly or quite 
what it was at firſt. All which will appear as fol. 


lows. The preſent diſtance between à and b is ſuch, 


that the elaſtic power, by which à repels 5, is ſtrong 
enough to maintain that diſtance, though à advance 
with the velocity, with which the ſtring reſumes its 
rectilinear figure; and the motion of the particle 4 
being afterwards ſlower, the preſent elaſticiry between 
-. and 5 will be more than fufficient to preſerve the 
diſtance between them. 'Therefore while it accelerates 
| 6 it will retard a. The diſtance 4 c will ſtill diminiſh, 
till + come about as near to c, as it is from à at pre- 
ſent ; for after the diſtances a þ and hc are become 
equal, the particle b will continue its velocity ſuperior 


to that of c by its own power of inactivity; till ſuch 


time as the increaſe of elaſticity between 6 and c more 
than ſhall be between &@ and & ſhall ſuppreſs its motion: 
for as the power of inactivity in 5 made a greater ela- 
ſticity neceſſary on the (ide of à than on the fide of 
«é to puſh 5 forward, ſo what motion & has acquired 
it will retain by the ſame power of inactivity, till it 
be ſuppreſſed by a greater elaſticity on the fide of 6, 
than on the ſide of 4. But as ſoon as 5 begins to ſlac- 
ken its pace the diſtance of þ from c will widen as the 
diſtance 4b has already done. Now as à acts on b, 
ſo will 5 on c, c on d, e. ſo that the diſtan- 
ces between all the particles a, 5, c, d, e, f, g will be 
ſuceeſſively contracted into the diſtance of @ from 5, 


and then dilated again. Now becauſe the time, in 


which the chord deſcribes this preſent half of its vi- 
| 1 5 bration 
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bration, is about equal to that it took up in deſcribing 
the former; the particles a, & will be as long in dilat- 
ing their diſtance, as before in contracting it, and will 
return nearly to their original diſtance. And farther, 
the particles b, c, which did not begin to approach ſo 
ſoon as a, ö, are now about as much longer, before 
they begin to recede; and likewiſe the particles c, d, 
which began to approach after b, c, begin to ſeparate 
later. Whence it appears that the particles, whoſe 
diſtance began to be leſſened, when that of a, 5 was 
firſt enlarged, viz. the particles f, g, ſhould be about 
their neareſt diſtance, when a and 5 have recovered 
their prime interval. Thus will the particles a, 6, c, 
di e f, g have changed their ſituation in the manner 
aſſerted. But farther, as the particles f, g or F, G 
gradually approach each: other, they will move by de- 
grees the ſucceeding particles to as great a length, as 
the particles A, B did by a like approach. So that, 
when the chord has made its greateft advance, being 
arrived into the ſituation I x L, the particles moved by 
it will have the rangement noted by the points a, 6, 
5 J, , C5 1, 0, A5 f S. Where a, are at the original 
diſtance of the particles in the line AH; e, are the 
neareſt of all, and the diſtance y is equal to that be- 
tween a and 8g. | x | 79 
10. By this time the chord Ix L begins to return, 
and the diſtance between the particles à and 8 being 
enlarged to its original magnitude, à has loft all that 
force it had acquired by its motion, being now at reſt; 
and therefore will return with the chord, making the 
diſtance between æ and 3 greater than the natural; for 
8 will not return ſo ſoon, becauſe its motion forward 
is not yet quite ſuppreſſed, the diftance gq not being 
already enlarged to its prime dimenſion: but the re- 
ceſs of a, by diminiſhing the preſſure upon 6; by its 
elaſticity, will occaſion the motion of g to be ſtopt in 
a little time by the action of 7, and then ſhall & be- 
gin to return: at which time the diſtance between 75 
— iP th ; | an 
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and & ſhall by the ſuperior action of & above g be en · 
larged to the dimenſion of the diſtance 8 y, and there- 
fore ſoon after to that of « 8. Thus it appears, that 
each of theſe particles goes on to move forward, till 
its diſtance from the preceding one be equal to its ori- 
ginal diſtance; the whole chain a, &, 5, J e, C n, hav- 
ing an undulating motion forward, which is ſtopt gra- 
dually by the exceſs of the expanſive power of the 
preceding parts above that of the hinder. Thus are 
theſe parts ſucceſſively ſtopt, as before they were mo- 
ved; fo that when the chord has regained its rectilinear 
ſituation, the expanſion of the parts of the air will 
have advanced ſo far, that the interval between , 
which at preſent is moſt contracted, will then be re- 
ſtored to its natural ſize: the diſtances between » and 
8, 0 and a, a and , wands, y and E, being ſucceſſive- 
ly contracted into the preſent diſtance of & from 1, and 
again enlarged; ſo that the fame effect ſhall be pro- 
duced upon the parts beyond n, by the enlargement 
of the diſtance between thoſe two particles, as was oc- 


caſioned upon the particles æ, f, y, J 4, C, n, 0, a H E) 
by the enlargement of the diſtance 4 to its natural 


extent. And therefore the motion in the air will be 
extended half as much farther as at preſent, and the 
diſtance between „ and & contracted into that, which 

is at preſent between & and u, all the particles of the 
air in motion taking the rangement expreſſed in figure 
111. by the points a, 2, , J, e, C, n, 6, a, wv, E, 4. py 
o, 7, „; wherein the particles from à to E have their 
diſtances from each other gradually diminiſhed, the di- 
ſtances between the particles v, E being contracted the 
moſt from the natural diſtance between thoſe particles, 
and the diſtance between 4, f as much augmented, and 
the diſtance between the middle particles & u becoming 
equal to the natural. The particles , 56%, e, which fol- 
low E, have their diſtances gradually greater and greater, 
the particles , p,, being ranged like the particles a, 
bc, di e, , g or like the particles nb, hi in t he former 


figure. 
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figure. Here it will be underſtood, by what has been 
before explained, that the particles &, » being at their 
natural diſtance from each other, the particle ę is at 
reſt, the particles 6, J, y, &, « between them and the 
ſtring being in motion backward, and the reſt of the 
particles , 0, A) H, 5, & 2, f 0, 7 in motion forward: 
each of the particles between y and Z moving faſter 
than that, which immediately follows it; but of the 
particles from & to e, on the contrary, thoſe behind 
moving on faſter than thoſe, which precede. : 
11. Bur now the ſtring having recovered its rec- 
tilinear figure, though it ſhall go on recoiling, till it 
return near to its farſt ſituation I KL, yet there will 
be a change in its motion; ſo that whereas it return- 
ed from the fituation I x L with an accelerated mo- 
tion, its motion ſhall from hence be retarded again by 
the fame degrees, as accelerated before. The effect of 


which change upon the particles of the air will be 


this. As by the accelerated motion of the chord 4 
contiguous to it moved faſter than g, ſo as to make 
the interval @ 6 greater than the interval & yy, and 


from thence & was made likewiſe to move faſter than 
5 and the diſtance between & and rendered greater 


than the diſtance between and , and ſo of the reſt; 
now the motion of « being diminiſhed, 4 ſhall over- 
take it, and the diſtance between à and & be reduced 
into that, which is at preſent-between 6 and , the 


interval between 6 and being inlarged into the pre- 
ſent diſtance between a and 8; but when the interval 


8 y is increaſed to that, which is at preſent between 
and .Þ, the diſtance between and ꝙ ſhall he enlarged 
to the preſent diftance between and 8, and the di- 


ſtance between & and s inlarged into the preſent di- 
ſtance between y and ; and the ſame of the reſt. 
But the chord more and more ſlackening its pace, the 
diſtance between « and 6 ſhall be more and more dimi- 
niſhed; and in conſequence of that the diſtance be- 
tween g and ſhall be again contracted, firſt into its 


2 plreſent 


ral diſtance o 
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preſent dimenſion, and afterwards into a narrower ſpace; 
while the interval 5% ſhall dilate into that at preſent 
between « and 8, and as ſoon as it is fo much enlar- 
ged, it ſhall contract again. Thus by the reciprocal 
. expanſion and contraction of the air between & and g, 
by that time the chord is got into the ſituation I K 
L, the interval CH ſhall be expanded into the preſent 
diſtance between à and £; and by that time likewiſe the 
preſent diſtance of « from &. will be contracted into 
their natural interval: for this diſtance will be about 
the ſame time in contracting itſelf, as has been taken 
up in its dilatation; ſeeing the ſtring will be as long 
in returning from its rectilinear figure, as it has been 
in recovering it from its ſituation I L. This is the 
change which will be made in the particles between 
E and g. As for thoſe between ꝙ and E, becauſe each 
preceding particle adyances faſter than that, which im- 
meſdiately follows it, their diſtances will ſucceſlively be 
dilated into that, which is at preſent between & and . 
And as ſoon as any two particles are arrived at their 
natural diſtance, the hindermoſt of them ſhall be ſtopt, 
and immediately after return, the diſtances between the 
returning particles being greater than the natural. And 
this dilatation: of theſe diſtances ſhall extend fo far, by 
that time the chord is returned into its firſt ſituation 
IKL, that the particles »& ſhall be removed to their 
natural diſtance. But the dilatation of „ ſhall con- 
tract the interval 2 9 into that at preſent between y 
and E, and the contraction of the diſtance between 
- thoſe two particles 2 and e will agitate a part of the 
air beyond; ſo that when the chord is returned into 
the ſituation IK L, having made an entire vibration, 
the moved particles of the air will take the rangement 
expreſſed by the points, I, m, u, o, P, J 7, 5,.t, u, W, *, J, 
2, 1, 2, 3, 4, 5 6,7, 8: in which 7m, are at the natu- 
f the particles, the diſtance mn greater 

than Im, and 2 greater than n, and ſo on, till you 


come to qr, the wideſt of all: and then the diſtances 


gradually 
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gradually diminiſh not only to the natural diſtance, as 


wx, but till they are contracted as much as g was 


before; which falls out in the points 2, 3, from whence 


the diſtances augment again, till you come to the part 


of the air untouched. 


12. T n1s is the motion, into which the air is put, 
while the chord makes one vibration, and the whole 
length of air thus agitated in the time of one vibration 
of the chord our author calls the length of one pulſe. 
When the chord goes on to make another vibration, it 
will not only continue to agitate the air at preſent in 


motion, but ſpread the pulſation of the air as much far- 


ther, and by the ſame degrees, as before. For when 


the chord returns into its rectilinear, ſituation I & L, Im 


ſhall be brought into its moſt contracted ſtate, gr: now, 
in the ſtate of greateſt dilatation ſhall be reduced to 
its natural diſtance, the points , x now at their natu- 
ral diſtanee ſhall be at their greateſt diſtance, the points 
2, 3 now molt contracted enlarged to their natural di- 


ſtance, and the points 7, 8 reduced to their moſt con- 
tacted ſtate: and the contraction of them will carry the 
agitation of the air as far beyond them, as that motion 
was carried from the chord, when it firſt moved out of 
the ſituation I K L into its rectilinear figure. When the 
chord is got into the ſituation I x L, Im ſhall recover its 
natural dimenſions, qr be reduced to its ſtate of greateſt 
contraction, w x brought to its natural dimenſion, the 
diſtance 2 3 enlarged to the ia and the points 7, 8 
ſhall have recovered their natural diſtance ; and by thus 
recovering themſelves they ſhall agitate the air ro as great 
a length beyond them, as it was moved beyond the chord, 
when it firſt came into the ſituation IA L. When the 


chord is returned back again into its rectilinear ſituation, 


Im ſhall be in its utmoſt dilatation, 9 r reſtored again to 
its natural diſtance, & reduced into its ſtate of grea- 
teſt contraction, 2 3 ſhall recover its natural dimenſion, 
and 7 be in its ſtate of greateſt dilatation. By which 

means the air N | 4s thp.beygod the g 
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77 8, as it was moved beyond the chord, when it be- 
fore made its return back to its rectilinear ſituation; for 
the particles 7, 8 have been changed from their ſtate of 
reſt and theit natural diſtance into a ſtate of contraction, 


and then have proceeded to the recovery of their natu- 


ral diſtance, and after that to a dilatation of it, in the 
ſame manner as the particles contiguous to the chord 
were agitated before. In the laſt place, when the chord 


is returned into the fituation I K L, the particles of air 


from 7 to & ſhall acquire their preſent rangement, and 
the motion of the air be extended as much farther. 
And the like will happen after every compleat vibrati- 
A ˙ . ER. BO”. 
''r3:*ConNCERNING this motion of ſound, our au- 
thor ſhews how to compute the velocity thereof, or in 
What time it will reach to any propoſed diſtance from the 
ſonorous body. For this he requires to know the heighr 


of air, having the ſame denſity with the parts here at the 


ſurface of the earth, which we breath, that would be 


equivalent in weight to the whole incumbent atmo- 


ſphere. ' This is to be found by the barometer, or com- 

on weatherglaſs. In that inſtrument quickſilver is in- 
cluded in a hollow glaſs cane firmly cloſed at the top. 
The bottom is open, but immerged into quickſilver con · 
tained in a veſſel open to the alr. Care is taken when 
the lower end of tlie cane is immerged, that the whole 
cane be full of quickſilver, and that no air infinuare it 
Kl. When the inflrument & thus fixed, the quick: 

filver in the cane being higher than that in the veſſel, 
| if the top of the cane were open, the fluid would on 
fink out of the glaſs cane, till it came to a level with 


that in the veſſel. But the top of the cane being clo- 


ſed up, ſo that the air, which has free liberty to preſs on 
the * the yeſſel, cannot bear at all on that, 
which ip within che cane, the quickiilver in the cane 
Will he ſuſpended to ſuch a height, as to balance rhe 
reflure of tlie air on the quickſilverin the veſſel.” Here 


* 


It is evident, chat the weight of the quickſilyer in the 
* E vie "es 3 i — 


gl 
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glaſs cane is equivalent to the preſſure of ſo much of the 
air, as is perpendicularly over the hollow of the cane 
for if the cane be opened that the air may enter, there 
will be no farther uſe of the quickſilver to ſuſtain the 
preſſure of the air without; for the quickſilver in the 
cane, as has already been obſerved, will then ſubſide to 
a level with that without. Henee therefore if the 
proportion between the denſity of quickſilver and of the 
air we breath be known, we may know what height 
of ſuch air would form 2 column equa] in weight to 
the column of quickſilver within the glaſs cane. When 
the quickſilver is ſuſtained in the barometer at the height 
of 30 inches, the height of ſuch a column of air will 
be about 29725 feet; for in this caſe the air has about 
5 of the denſity of water, and the denſity of quickſil- 
ver exceeds that of water about 133 times, ſo that the 
denſity of quickſilver exceeds that of the air about 
11980 times; and fo many times 30 inches make 29725 
feet. Now Sir IS AAC N et w ToN determines, that 
while a pendulum of the length of this column ſhould 

make one vibration or ſwing, the ſpace, which a 
found will have moved, ſhall bear to this length the fame 
proportion, as the circumference of a circle bears to 
the diameter thereof; that is, about the proportion of 
355 to 113*. Only our author here conſiders fingly the 
gradual progreſs of ſound in the air from particle to par- 
tick in the manner we have explained, without taking 
into conſideration the magnitude of thoſe particles. And 
though there requires time for the motion to be propa» 


gated from one particle to another, yet it is communi- 


cated to the whole of the ſame particle in an inſtant: 
therefore whatever proportion the thickneſs of theſe 
particles bears to their diſtance from each other, in the 
lame proportion will the motion of ſound be ſwifter. 


Again the air we breath is not ſimply compoſed of the 


claſtic part, by which found is canyeyed, but partly of 


© Prins. Philo. Lib, II. prop. 4 
vapours, 
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vapours, which are of a different nature; and in the 
computation of the motion of ſound we ought to find 
the height of a column of this pure air only, whoſe 
weight ſhould be equal to the weight of the quickſilver 
in the cane of the barometer, and this pure air being a 


part only of that we breath, the column of this pure air 
will be higher than 29725 feet. On both theſe ac- 


counts the motion of ſound is found to be about 1142 

feet in one ſecond of time, or near 13 miles in a minute, 
00 above, it ſhould 

move but 979 feet in one ſecond. 3 | 


14. W E may obſerve here, that from theſe demon- 
ſtrations of our author it follows, that all ſounds whether 
acute or grave move equally ſwift, and that ſound is 
ſwifteſt, when the quickſilver ſtands higheſt in the ba- 


xometer. 128 | | 
15. T us much of the appearances, which are cau- 


ſed in theſe fluids from their gravitation toward the 


| earth. They alſo gravitate toward the moon; for in the 


laſt chapter it has been proved, that the gravitation be- 
tween the earth and moon is mutual, and that this gra- 
vitation of the whole bodies ariſes from that power 
acting in all their parts; ſo that every particle of the 
moon gravitates toward the earth, and every particle of 


the earth toward the moon. Bur this gravitation of 


theſe fluids toward the moon produces no ſenſible ef- 
fect, except only in the ſea, where it cauſes the tides. 


16. Tm ar the tides depend upon the influence of 


the moon has been the receiv'd opinion of all antiquity ; 


nor is there indeed the leaſt ſhadow of reaſon to ſuppoſe 


otherwiſe, conſidering how ſteadily they accompany the 
moon's courſe. Though how the moon cauſed them, 
and by what principle it was enabled to produce ſo di- 
{tinguiſh'd an appearance, was a ſecret left for this phi- 
loſophy to unfold: which teaches, that the moon is 


not here alone concerned, but that the ſun likewiſe has 
a conſiderable ſhare in their production; though they 


have been generally aſcribed tò the other luminary, 5 
N FF 8 o ne NW, ca e 


eb . 
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cauſe its effect is greateſt, and by that means the tides 


more immediately ſuit themſelves to its motion; the ſun _ 


diſcovering its influence more by enlarging or reſtraining 
the moon's power, than by any diſtinct effects. Our 
author finds the power of the moon to bear to the 


wer of the ſun about the proportion of 45 to 1. This 


xe deduces from the obſervations made at the mouth of 
the river Avon, three miles from Briſtol, by Captain 
STURME Y, and at Plymouth by Mr. CoLePRESSE, 
of the height to which the water is raiſed in the con- 

junction and oppoſition of the luminaries, compared 


with the elevation of it, when the moon is in either 
quarter; tne firſt being cauſed by the united actions of 
the ſun and moon, and the other by the difference of 


them, as ſhall hereafter be ſhewn. _ | 
17. THA the ſun ſhould have a like effect on the 


ſea, as the moon, is very manifeſt z ſince the ſun like- 


wile attracts every ſingle particle, of which this earth 
is compoſed. And in both luminaries ſince the power 
of gravity is reciprocally in the duplicate proportion of 
the diſtance, they will not draw all the parts of the wa- 
ters in the ſame manner; but muſt act upon the neareſt 
parts ſtronger, than upon the remoteſt, producing 


this inequality an irregular motion. We ſhall now at- 


tempt to ſhew how the actions of the ſun and moon 
on the waters, by being combined together, produce 
all the appearances obſerved in the tides. | 12 
18. To begin therefore, the reader will remember 
what has been ſaid above, that if the moon without 
the ſun would haye deſcribed an orbit concentrical to 
the earth, the action of the ſun would make the orbit 
oval, and bring the moon nearer to the earth at the new 
and full, than at the quarters. Now our excellent au- 
thor obſerves, that if inſtead of one moon, we ſuppoſe 
a ring of moons, contiguous and occupying the whole 

orbit of the moon, his demonſtration. would till take 


5 place, 


place, and prove chat the parts of this ring in paſſing 
from the quarter to the conjunction or oppoſition would 
be accelerated, and be retarded again in paſſing from 


the conjunction or oppoſition to the next quarter. And - 
as this effect does not depend on the magnitude of the 


bodies, whereof. the ring is compoſed, the ſame would 
hold, though the magnitude of theſe moons were fo 
far to be diminiſhed, and their number increaſed, till 
they ſhould form a fluid. Now the earth turns round 
continually upon its own center, cauſing thereby the 


alternate change of day and night, while by this revo- 

- lution each part of the earth is ſueceſſively brought to- 
ward the ſun, and carried off again in the ſpace of 24 
hours. And as the fea revolves round along with the 
earth itſelf in this diurnal motion, it will repreſent in 


ſome ſort ſuch a fluid ring. 17 
19. Bur as the water of the ſea does not move 
round with ſo much ſwiftnefs, as would carry it about 


the, center of the earth in the circle it now deſcribes, 
without being ſupported by the body of the earth; it 


will be neceſſary to conſider the water under three di- 


ſtinct caſes. The firſt caſe ſhall ſuppoſe the water to 


move with the degree of ſwiſtneſs, required to carry a 
body round the center of the earth diſingaged from it 


in a circle ar the diſtance of the earth's ſemidiameter, 


like another moon. The ſecond caſe is, that the waters 
make but one turn about the axis of the earth in the 


ſpace of a month, keeping pace with the moon; ſo 


that all parts of the water ſhould preſerve continu- 
ally the ſame ſituation in reſpect of the moon. The 


third caſe ſhall be the real one of the waters moving 
with a velocity between theſe two, neither fo ſwift as 


the firſt caſe requires, nor ſo flow as the ſecond, 


20. In the firſt caſe the waters, like the body which 
they equalled in velocity, by the action of the moon 


would be brought nearer the center under and oppoſite 


* Newt. Princ. philoſ. Lib. 1, prop. 66. coroll. 18. 
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theſe eaſt ward or weſtward. That ſuch a body would fo 
alter its diſtance by the moon's action upon it, is clear from 
what has been mentioned of the like changes in the 


moonꝰs motion cauſed by the ſun. And computation: 


ſnews, that the difference between the greateſt and 
leaſt diſtance of ſuch a body would not be much above 
45 feet. But in the ſecond. cafe, where all the parts of 
the water preſerve the ſathe ſituation continually in re- 


ſpect of che moon, the weight of thoſe parts under 


and oppoſite to the moon will be diminiſhed by the 


moon's action, and the parts in the middle between 
theſe will have their weight increaſed: this being ef- 


fected juſt in the ſame manner, as the ſun diminiſhes 


the attraction of the moon towards the earth in the 
conjunction and oppoſition, but increaſes: that attracti- 


on in the quarters. For as the firſt of theſe conſequen- 
ces from the ſun's action on the moon is occaſioned by 
the moon's being attracted by the ſun in the conjunc- 
tion more than the earth, and in the oppoſition-leſs 
than it, and therefore in the common motion of the 
earth and moon, the moon is made to advance toward 


the ſun in one caſe too faſt, and in the other is left as it 


were behind; ſo the earth will not have its middle parts 
drawn towards the moon ſo ſtrongly as the nearer parts, 
and yet more forcibly than the remoteſt: and therefore 
ſince the earth and moon move each month round 
their common center of gravity *, while the earth moves 
round this center, the ſame effect will be produced, on 
the parts of the water neareſt to that center or to the 
moon, as the moon feels from the ſun when in con- 


junction, and the water on the contrary ſide of the earth 


will be affected by the moon, as the moon is by 
the ſun, when in oppoſition ©; that is, in both caſes 
the weight of the water, or its propenſity towards tho 
center of rhe earth, will be diminiſhed. The parts in 
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the middle between theſe will have their weight increa- 


ſed, by being preſſed towards the center of the earth 
through the obliquity of the moon's action upon them 


to its action upon the earth's center, juſt as the ſun in- 
creaſes the gravitation of the moon in the quarters from 
the ſame cauſe *. But now it is manifeſt, that where 
the weight of the ſame quantity. of water is leaſt, there 
it will be accumulated ;z while the parts, which have 


the greateſt weight, will ſubſide. | Therefore in this 


caſe there would be no tide. or alternate riſing and fal- 


ling of the water, but the water would form it ſelf into 
an oblong figure, whoſe axis prolonged would paſs 


through the moon. By Sir IS AAC New to Ns com- 
putation the exceſs of this axis above the diameters per- 


pendicular to it, that is, the height of the waters under 
and oppoſite to the moon above their height in the 


middle between theſe places eaſtward or weſtward cauſed 
by the moon, is about 8 f feet. 

21. TR us the difference of height in this latter 
ſuppoſition is little ſhort of twice that difference in the 


preceding. But the caſe of the ſea is a middle between 
theſe two: for a body, which ſhould revolve round the 


center of the earth at the diſtance of a ſemidiameter 
without preſſing on the earth's ſurface, muſt perform 


its period in leſs than an hour and half, whereas the 
earth turns round but once in a day, and in the caſe 


of the waters keeping pace with che moon it ſhould 
turn round but once in a month: ſo that the real mo- 


tion of the water is between the motions required in 
. theſe two caſes. Again, if the waters moved round as 


fwiftly as the firſt caſe required, their weight would 


be wholly taken off by their motion; for this caſe ſup - 


poſes the body to move ſo, as to be kept reyolving in 


a circle round the earth by the power of gravity With- 


out preſſing on the earth at all, ſo that its motion juſt 


ſupports its eight. But if the power of gravity had 
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been only 255 part of what it is, the body could have 


moved thus without preſſing on the earth, and have 
been as long in moving round, as the earth it ſelf is. 
Conſequently the motion of the earth takes off from 
the weight of the water in the middle between the 
poles, where its motion is ſwifteſt, 23 part of its weight 
and no more. Since therefore in the firſt caſe the weight 
of the waters muſt be intirely. taken off by their mo- 
tion, and by the real motion of the earth they loſe on- 
ly 205 part thereof, the motion of the water will fo lit- 
tle diminiſh their weight, that their figure will much 
nearer reſemble the caſe of their keeping pace with the 

moon than the other. Upon the whole, if the waters 
moved with the velocity neceſſary to carry a body round 


the center of the earth at the diſtance of the earth's ſe- 


midiameter without bearing on its ſurface, the water 


would be loweſt under the moon, and riſe gradually as 


it moved on with the earth eaſtward, till it came half- 

way toward the place oppoſite to the moon; from 
thence it would ſubſide again, till it came to the op- 

poſition, where it would become as low as at firſt ; 
afterwards it would riſe again, till it came half way to 
the place under the moon; and from hence it would 
ſubſide, till it came a ſecond time under the moon. But 
in caſe the water kept pace with the moon, it would 
be higheſt where in the other caſe it is loweſt, and 
loweſt where in the other it is higheſt z therefore the 
diurnal motion of the earth being between the motions 
of theſe two caſes, it will cauſe rhe higheſt place of the 
water to fall between the places of the greateſt heighr 
in theſe two caſes. The water as it altes from under 
the moon ſhall for ſome time rife, bur deſcend again be- 


fore it arrives half way to the oppoſite place, and ſhall 


come to its leaſt height before it becomes oppoſite to 
the moon; then it ſhall riſe again, continuing ſo to do 
till it has paſſed the place oppoſite to the moon, but 
ſubſide before it comes to the middle between the pla- 
ces oppoſite to and under the moon; and laſtly it ſhall 

| come 
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come to its loweſt, before it comes a ſecond time under f 
the moon. If A (in fig. 112, 113, 114) repreſent the ti 
moon, B the center or the earth, the oval CD EF in d 

fig. 112. will repreſent the ſituation of the water in the b 

firſt caſe ; but if the water kept pace with the moon, cl 

the line C DEF in fig. 113. would repreſent the ſi- a 

tuation of the water; but the line CD E F in fig. 114. i 

will repreſent the ſame in the real motion of the wa- b 

ter, as it accompanies the earth in its diurnal rotation: v 

in all theſe figures C and E being the places where t 

the water is loweſt, and D and F the places where it E 

is higheſt. Purſuant to this determination it is found, 0 

that on the ſhores, which lie expoſed to the open ſea, Ml j 

the high water uſually falls out about three hours after fi 

the moon has paſſed the meridian of each place. | tl 


22. LET this ſuffice in general for explaining the m 
manner, in which the moon acts upon the ſeas. It is 
farther to be noted, that theſe effects are greateſt, when 
the moon is over the earth's equator ?, that is, when it 
ſhines perpendicularly upon the parts of the earth in the 
middle between the poles. For if the moon were pla- 
ced over either of the poles, it could have no effect up- 
on the water to make it aſcend and deſcend. So that 
when the moon declines from the equator toward ei- 


ther pole, its action muſt be ſomething diminiſhed, and ſl 
that the more, the farther it declines. The tides likewiſe C 
will be greateſt, when the moon is neareſt to the earth, tl 
it's action being then the ſtrongeſt. 5 1 
23. Tus much of the action of the moon. That ti 
the ſun ſhould produce the very fame effects, though o 
in a leſs degree, is too obvious to require a particular a 
explanation: but as was remarked before, this action of h 
the ſun being weaker than that of the moon, will cauſe ſ 
the tides to follow more nearly the moon's courſe, and tl 
_ principally thew it ſelf by heightening or diminiſhing | ſ⸗ 
the effects of the other luminary. Which is the occa- x] 
. off | n 
f See below 5 4. 
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ſion, that the higheſt tides are found about the conjunc- 


tion and oppoſition of the luminaries, being then pro- 
duced by their united action, and the weakeſt rides a- 
bour the quarters of the moon ; becauſe the moon in 


this caſe raiſing the water where the ſun depreſſes it, 


and depreſſing it where the fun raiſes it, the ſtronger 
action of the moon is in part retunded and weakened 
by that of the ſun. Our author computes that the ſun 
will add near two feet to the height of the water in 
the firſt caſe, and in the other take from it as much. 
However the tides in both comply with the ſame hour 


of the moon. But at other times, between the con- 
junction or oppoſition and quarters, the time deviates 


from that forementioned, towards the hour in which 


the ſun would make high water, though ſtill it keeps 
much nearer to the moon's hour than to the ſun s. 


24. AGAIN the tides have ſome farther varieties 
from the ſituation of the places where they happen north- 


ward or ſouthward. Let pP (in fig. 1 15.) repreſent the 


axis, on which the earth daily revolves, let hp HP re- 
preſent the figure of the water, and let » BN D be 


a globe inſcribed within this figure. Suppoſe the moon 
to be advanced from the equator toward the north pole, 


ſo that YH the axis of the figure of the water pA H PE 


ſhall decline towards the north pole N; take any place 
G nearer to the north pole than to the fouth, and from 
the center of the earth C draw C GF; then will GF 
_ denote the altitude to which the water is raiſed by the 


tide, when rhe moon is above the horizon: in theſpace 
of twelve hours, the earth having turned half round its 
axis, the place G will be removed to g; but the axis 
H will have kept its place preſerving its ſituation in re- 
ſpect of the moon, at leaſt will have moved no more than 


the moon has done in that time, which it is not neceſ- 


ſary here to take into conſideration. Now in this caſe 
the height of the water will be equal to g f, which is 


not ſo great as G F. But whereas GF is the altitude 


at high water, when the moon is above the horizon, 
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gf will be the altitude of the ſame, when the moon is 
under the horizon. The contrary happens toward the 


ſouth pole, for K L is leſs than &7. Hence is proved, 


that when the moon declines from the equator, in thoſe 
places, which are on the ſame fide of the equator as the 


moon, the tides are greater, when the moon is above 


the horizon, than when under it; and the contrary hap- 
pens on the other fide of the equator. REELS 

25. Now from theſe principles may be explained all 
the known appearances in the tides -z only by the aſ- 
fiſtance of this additional remark, that the fluctuating 


motion, which the water has in flowing and ebbing, 


is of a durable nature, and would continue for ſome 
time, though the action of the luminaries ſhould ceaſe; 
for this prevents the difference between the tide when 
the moon is above the horizon, and the tide when the 
moon is below it from being ſo great, as the rule laid 
down requires. This likewiſe makes the greateſt tides 


not exactly _ thenew and full moon, bur to be a 
er; as at Briſtol and Plymouth they are 


tide or two 
found the third after. | 


26. Tris doctrine farther ſhews us, why not only 


the ſpring tides fall out about the new and full moon, 


and the neap tides about the quarters; but likewiſe how 


it comes to pals, that the greateſt ſpring tides happen 


about the equinoxes; becauſe: the luminaries are then 
one of them over the equator, and the other not far 


from it. It appears too, why the neap tides, which 
accompany theſe , are the leaſt of all; for the ſun till 
continuing over the equator continues to have the grea- 
teſt power of leſſening the moon's action, and the moon 
in the quarters being far removed toward one' of the 
poles, has its power thereby weakned. b | 

27. MorREoveR the action of the moon being 
ſtronger, when near the earth, than when more re- 
' mote z if the moon, when new ſuppoſe, be at its near- 


eſt diſtance from the earth, it ſhall when at the full be 
DIO >: gc tf A 5741 5 - fartheſt. 
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fartheſt off; whence it is, that two of the very largeſt 
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ſpring tides do never immediately ſucceed each other. 
28. BEC A USE the ſun in its paſſage from the win- 
ter ſolſtice to the ſummer recedes from the earth, and 


_ paſſing from the ſummer ſolſtice to the winter ap- 


proaches it, and is therefore nearer the earth before the 


vernal equinox than after, but nearer after the autum- 


nal equinox than before; the greateſt rides oftner pre- 
cede the vernal equinox than follow ir, and in the au- 
tumnal equinox on the contrary they oftner follow it 
than come before it. © | 7 

29. THE altitude, to which the water is raiſed in 
the open ocean, correſponds very well to the foremen- 
tioned calculations; for as it was ſhewn, that the wa- 
ter in ſpring tides ſhould riſe to the height of 10 or 11 
feet, and the neap tides to 6 or 7; accordingly in the 
Pacific, Atlantic and Ethiopic oceans in the parts with- 
out the tropics, the water is obſerved to riſe about 6, 
9, 12 or 15 feet. In the Pacific ocean this elevation is 
ſaid to be greater than in the other, as it ought to be 
by reaſon of the wide extent of that ſea. For the ſame 
reaſon in the Ethiopic ocean between the tropics the 
aſcent of the water is leſs than without, by reaſon of 
the narrowneſs of the ſea between the coaſts of Africa 
and the ſouthern parts of America. And iſlands in ſuch 
narrow ſeas, if far from ſhore, have leſs rides than the 
coaſts. But now in thoſe ports where the water flows 
in with great violence upon fords and ſhoals, the force 
it acquires by that means will carry it to a much greater 
height, ſo as to make it aſcend and deſcend to 30, 40 
or even Fo feet and more; inſtances of which we have 
at Plymouth, and in the Severn near Chepſtow ; at St. 
Michael's and Auranches in Normandy ; at Cambay and 
Pegu in the Eaſt Indies. RES | 
30. AGAIN the tides take a conſiderable time in 

rating through long ſtraits, and ſhallow places. Thus 
the tide, which is made on the weſt coaſt of Ireland 


and on the coaſt of Spain at the third hour after the 
OOTY 7" 


moon's 
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moon's coming to the meridian, in the ports eaſtward 
toward the Britiſh channel falls out later, and as the 


| 
flood paſſes up that channel ſtill later and later, fo that | 
the tide takes up full twelve hours in coming up to 1 
-E.ondon bridge. | | | 
31. IN the laſt place tides may come to the fame l 
port from different ſeas, and as they may interfere with \ 
each other, they will produce particular effects. Sup- F 
poſe the tide from one ſea come to a port at the third d 
hour after the moon's paſſing the meridian of the place, t 
but from another ſea to take up ſix hours more in its I: 
paſſage. Here one tide will make high water, when by ; 
the other it ſhould be loweſt ; ſo that when the moon v 
is over the equator, and the two tides are equal, there 0 
will be no riſing and falling of the water at all; for p 
as much as the water is carried off by one tide, it will of 
be ſupplied by the other. But when the moon declines to 
from the equator, the fame way as the port is ſituated, BW g 
we have ſhewn that of the two rides of the ocean, which 
are made each day, that tide, which is made when the 15 
moon is above the horizon, is greater than the other. tic 
Therefore in this caſe, as four tides come to this port Wi; 
each day, the two greateſt will come on the third, and th 
on the ninth hour after the moon's paſſing the meridian, th 
and the two leaſt at the fifteenth and at the twenty firſt rel 
hour. Thus from the third to the ninth hour more wa- it! 
ter will be in this port by the two greateſt tides than car 
from the ngath to the fifteenth, or from the twenty firſt mc 
to. the following third hour, where the water is brought vec 


by one great and one ſmall tide z but yet there will be ojy 

more water brought by theſe tides, than what will be tha 

tound between the two leaſt tides, that is, between the MW car. 
fifteenth and twenty firſt hour. Therefore in the mid- fri: 
dle between the third and ninth hour, or about the ced 
moon's ſetting, the water will be at its greateſt height; rem 
in the middle between the ninth and fifteenth, as allo fror 

between the twenty firſt and following third hour it trift 
will have its mean height -3 and be loweſt in _ middle the 
n — OT et ween 
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between the fifteenth and twenty firſt hour, that is, 
at the moon's riſing. Thus here the water will have 


but one flood and one ebb each day. When the moon 


is on the other ſide of the equator, the flood will be 


turned into ebb, and the ebb into flood; the high wa- 
ter falling out at the riſing of the moon, and the low 
water at the ſetting. Now this is the caſe of the port 
of Batſham in the Kingdom of Tunquin in the Eaſt In- 
dies; to which port there are two inlets, one between 
the continent and the iſlands which are called the Manil- 
las, and the other between the continent and Borneo. 


32. THE next thing to be conſidered is the effect, 


which theſe fluids of the planets have upon the ſolid parr 
of the bodies to which they belong. And in the firſt 
place I ſhall ſhew, that it was neceſſary upon account 
of theſe fluid parts to form the bodies of the planets in- 
to a figure ſomething different from that of a perfect 


globe. Becauſe the diurnal rotation, which our earth 


performs about its axis, and the like motion we ſee in 
ſome of the other planets, (which is an ample convic- 


tion that they all do the like) will diminiſh the force, 
with which bodies are attracted upon all the parts of 
their ſurfaces, except at the very poles, upon which 
they turn. Thus a ſtone or other weighty ſubſtance 
reſting upon the ſurface of the carth, by the force which 
it receives from the motion communicated to it by the 
earth, if its weight prevented not, would continue that 


motion in a ſtraight line from the point where it recei- 


ved it, and according to the direction, in which it was 

given, that is, in a line which touches the ſurface at 
that point; inſomuch that it would move off from the 

earth in the ſame manner, as a weight faſten'd to a 


ſtring and whirled about endeavours continually to re- 
cede from the center of motion, and would forthwith 


remove it ſelf to a greater diſtance from it, if looſed 


from the ſtring which retains it. And farther, as the cen- 
trifugal force, with which ſuch a weight preſſes from 


the center of its motion, is greater, by how much greqa- 
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the earth, will be diminiſhed thereby, and be the more 


place, till by aſcending it makes room for receiving a 


place the whole upon a ballance. To illuſtrate this 


globe of ſolid earth. Suppoſe this globe covered on all 
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ter the velocity is, with which it moves; ſo ſuch a bo- 
dy, as I have been ſuppoſing to lie on the earth, would 
recede from it with the greater force, the greater the 
velocity is, with which the part of the earth's ſurface it 
reſts upon is moved, that is, the farther diſtant it is from 
the poles. But now the power of gravity is great enough 
to prevent bodies in any part of the earth from being 
carried off from it by this means; however it is plain 
that bodies having an effort contrary to that of gravity, 
though much weaker than it, their weight, that is, 
the degree of force, with which they are preſſed to 


diminiſhed, the greater this contrary effort is; or in o- 
ther words, the ſame body will weigh heavier at either 
of the poles, than upon any other part of the earth; 
and if any body be removed from the pole towards the 
equator, it will loſe of its weight more and more, and 
be lighteſt of all at the equator, that is, in the middle 
—eplseee...... wn 
33. THis now is eaſily applied to the waters of the 
ſeas, and ſhews that the water under the poles will preſs 
more forcibly to the earth, than at or near the equator : 
and conſequently that which preſſes leaſt, muſt give 


greater quantity, which by its additional weight may 
more particularly I ſhall make uſe of fig. 116, In which 
let ACBD be a circle, by whoſe revolution abour the 
diameter AB a globe ſhould be formed, repreſenting a 


ſides with water to the ſame height, ſuppoſe that of 
EA or B F, at which diſtance the circle EG F H ſur- 


282.2 ry) ; AY ey han Y, hn —_ r 3 1 


rounds the circle AC B D; then it is evident, if the re 
globe of earth be at reſt, the water which ſurrounds th 
it will reſt in that ſituation. But if the globe be turn- th 
ed inceſſantly about its axis A B, and the water have ſu 
likewiſe the ſame motion, it is allo evident, from what: WU = 
has been explained, that the water hetween the 755 * 


all ſides with the water. 
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cles E HF G and AD B C will remain no longer in 


the preſent ſituation, the parts of it between H and D, 
and between G and C being by this rotation become 


lighter, than the parts between E and A and between 
B and F; ſo that the water over the poles A and B 
muſt of neceſſity ſubſide, and the water be accumulated 
over D and C, till the greater quantity in theſe latter 
places ſupply the defect of its weight. This would be 
the caſe, were the globe all covered with water. And 
the ſame figure of the ſurface would alſo be preſerved, 
if ſome part of the water adjoining to the globe in any 


part of it were turned into ſolid earth, as is too evident 


to need any proof; becauſe the parts of the water re- 


maining at reſt, it is the ſame thing, whether they con- 


tinue in the ſtate of being eaſily ſeparable, which de- 


nominates them fluid, or were to be conſolidated to- 


gether, ſo as to. wake a hard body : and this, though 
the water ſhould in ſome places be thus conſolidated, e- 
ven to the ſurface of it. Which ſhews that the form 
of the ſolid part of the earth makes no alteration in the 
figure the water will take: and by conſequence in or- 
der to the preventing ſome parts of the earth from he- 
ing entirely overflowed, and other parts quite deſerted 
the ſolid parts of the earth muſt have given them muc 


the ſame figure, as if the whole earth were covered on 


% 


34. FARTHER, I ſay, this figure of the earth isthe 
fame, as it would receive, were it entirely a globe of 
water, provided that water were of the ſame denſity as 


the ſubſtance. of the globe. For ſuppoſe the globe 


ACBD to be liquified, and that the globe EHF G, 
now entirely water, by its rotation about its axis ſhows 


receive ſuch a ſure as we have been deſcribing, and 


CBD ſhould be conſolidated again, 


then the globe Id be ce 
would plainly not be altered, by 


the figure of the water 
ſuch a conſolidation. 


* 


og 


_"3#- Bur from this laſt obſervation our author is e- 
nabled to determine the proportion between che axis of 
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the earth drawn from pole to pole, and the diameter 


of the equator, upon the ſuppoſition that all the parts 
of the earth are of equal denſity; which he does by 
computing in the firſt place the proportion of the cen- 
trifugal force of the parts under the equator to the pow- 
er of gravity; and then by conſidering the earth as a 
ſpheriod, made by the revolution of an ellipſis about its 
leſſer axis, that is, ſuppoſing the line MIL K to be 
an exact ellipſis, from which it can differ but little, by 
reaſon that the difference between the leſſer axis M L 
and the greater I K is but very ſmall. From this ſup- 
poſition, and what was proved before, that all the par- 
ticles which compoſe the earth have the attracting pow- 
er explained in the preceding chapter, he finds at what 
diſtance the parts under the equator ought to be remo- 
ved from the center, that the force, with which they 


ſhall be attracted to the center, diminiſhed by their cen- 


trifugal force, ſhall be ſufficient to keep thoſe parts in 
a ballance with thoſe which lie under the poles. And 
upon the ſuppoſition of all the parts of the earth having 


the fame degree of denſity, the earth's ſurface at the e- 


quator muſt be above 17 miles more diſtant from the 
center, than at the poles. FOTO | 


36. AyTER this it is ſhewn, from the proportion 


& of the equatorial diatneter of the earth to its axis, how 
the ſame may. be determined of any other planet, whoſe 


deffiry in compariſon of the denſity of the earth, and 
the time of its revolution about its axis, are known. 
And by the rule delivered for this, it. is found, that the 
diameter of the equator in Jupiter ſhould: bear to its 
axis about the proportion of 10 to 9, and according- 
ly this planet appears of an oval form to the aſtrono- 


mers. The moſt conſiderable effects of this ſpheroidical 


5 our author takes likewiſe into conſideration; one 
of which is that bodies are not equally heavy in all di- 
ſtances from the poles z but near the ęquator, where 


e Newton Princ, Lib, III. prop. 19. Tb. 11. prop, 19, 
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the diſtance from the center is greateſt, they are lighter 
than towards the poles : and nearly in this proportion, 
that the actual power, by which they are drawn to the 
center, reſulting from the difference between their ab- 
ſolute gravity and centrifugal force, is reciprocally as the 
diſtance from the center. That this may not appear to 
contradict what has before been ſaid of the alteration of 
the power of gravity, in proportion to the change of 
the diſtance from the center, it is proper carefully to 
remark, that our author has demonſtrated three things 


relating hereto: the firſt is, that decreaſe of the power 


of gravity as we recede from the center, which has 
been fully explained in the laſt chapter, upon ſuppoſi- 
tion that the earth and planets are perfect ſpheres, from 
which their difference is by many degrees too little to 
require notiee for the purpoſes there intended: the next 
is, that whether they be perfect ſpheres, or exactly ſuch 
ſpheriods as have now been mentioned, the power of 
gravity, as we deſcend in the ſame line to the center, is 
at all diſtances as the diſtance from the center, the parts 
of the earth above the body by drawing the body to- 


wards. them leſſening its gravitation towards the center; 


and both theſe aſſertions relate to gravity alone: the 
third is what we mentioned in this place, that the actu- 
al force on different parts of the ſurface, with which 
d bodies are drawn to the center, is in the proportion here 


38. THE next effect of this figure of the earth is 


an obvious conſequence of the former: that pendulums 
of the ſame length do not in different diſtances from 
the pole make their vibrations in the fame time; but 
towards the poles, where the gravity is ſtrongeſt, they 
move quicker than near the equator, where they are leſs 
impelled to the center; and accordingly pendulums, that 
meaſure the ſame time by their vibrations, muft be 
ſhorter near the poles than at a greater diſtance. Both 


Lib. I. prop. 73. C Lib, III. prop. 20. 


which 
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which deductions are found true in fact; of which 
our author has recounted particularly ſeveral experi- 
ments, in which it was found, that clocks exactly ad- 
juſted to the true meaſure of time at Paris, when tranſ- 


ported nearer to the equator, became erroneous and 


moved too flow, but were reduced to their true mo- 
tion by contracting their pendulums. Our author is 
particular in remarking, how much they loſt of their 
motion, while the pendulums remained unaltered; and 
what length the obſervers are ſaid to have ſhortened 


them, to bring them to time. And the experiments, 


which appeay to be moſt carefully made, ſnhe w the carth 
to be raiſed in the middle between the poles, as. much 
as our author found it by his compu tation. 
39. THESE experiments on the pendulum our au- 
thor; has been very exact in examining, inquiring par- 
ticularly how much the extenſion of the rod of the pen- 
dulum by the great heats in the torrid zone might 
make it neceſſary to ſhorten it. For by an experiment 
made by PiQ@AaRr T, and another made by DR La 
H1Rx, heat, though not very. intenſe, was found to 
ipcreaſe the length of rods of iron, The experiment 
of Pic AR was made with a rod one foot long, 
which in winter, at the time of froſt, was found to 
increaſe in lenge: by! being heated at the fire. In the 


experiment of DE LA HIRE a rod of fix foot in 


length was found, when heated by the ſummer ſun 
only: to grow to a greater length, than it had in the 
aforeſaid cold ſeaſun. From which obſervations a doubt 
has heen raiſed, whether the rod of the pendulums in 
the aforementioned experiments was not extended by 
the heat of thoſe warm climates: to all that exceſs of 
length, the obſervers found themſelves obliged. to leſ- 
ſen; them by. But the experiments: now mentioned 


ſhew the contrary: For in the firſt of them the rod of 


at foot lang was jengthened no more than 5 part of 
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what the pendulum under the equator muſt be dimi- 


niſhed; and therefore a rod of the length of the pen- 


dulum would not have been extended above + of that 


length. In the experiment of DE La Hike, where 


the heat was leſs, the rod of fix foot long was exten- 
ded no more than 4 of what the pendulum mutt be 


ſhortened; ſo that a rod of the length of the pendu- 


lum would not have gained above Z or 5 of that length. 
And the heat in this Jatter experiment, though leſs chan 
in the former, was yet greater than the rod of a pen» 


dulum can ordinarily contract in the horteſt country; 


for metals receive a great heat when expoſed to the o- 


E ſun, certainly much greater than that of a human 


body. But pendulums are not uſually ſo expoſed, and 
without doubt in theſe experiments were kept cool e- 
nough to appear ſo to the touch; which they would 
da in the hotteſt place, if lodged in the ſhade. Our 
author therefore thinks it enough to allow about 15 of 
the difference obſerved upon account of the greater 
warmth of the penduumn. 4-365; 

40. THERE is a third effect, which the water has 


on the earth by changing its figure, that is taken no- 


tice of by our author; for the explaining of which 
we ſhall firſt prove, that bodies deſcend perpendicular- 
ly to the ſurface of the earth in all places. The man- 
ner of collecting this from obſervation, is as follows. 
The ſurfaces of all fluids reſt parallel to that part of 
the ſurface of the ſea, which is in the ſame place with 
them, to the figure of which, as has been particular- 
ly ſhewn, the figure of the whole earth is formed. 
For if any hollow veſſel, open at the bottom, be im- 


merſed into the ſea; it is evident, that the ſurface of 
the ſea within the veſſel will retain the ſame figure it 


had, before the veſſel incloſed it; ſince its communi- 
cation with the external water is not cut off by the 
veſſel. But all the parts of the water being at reſt, 
it is as clear, that if the bottom of the veſſel were 
cloſed, the figure of the water could receive no 

„% : | change 
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change thereby, even though the veſſel were raiſed out 
of the ſea; any more than from the inſenſible alterati- 
on of the power of gravity, conſequent upon the aug- 
mentation of the diſtance from the center. But now 
it is clear, that bodies deſcend in lines perpendicular 
to the ſurfaces of quieſcent fluids; for if the power of 
gravity did not act perpendicularly to the ſurface of 


fAuids, bodies which ſwim on them could not reſt, as 


they are ſeen to do; becauſe, if the power of gravi- 
ty drew ſuch bodies in a direction oblique to the ſur- 
face whereon they lay, they would certainly be put in 
motion, and be carried to the ſide of the veſſel, in 


which the fluid was contained, that way the action of 


eee, num mpegs: nd 
41. HE NE it follows, that as we ſtand, our bo- 
dies are perpendicular to the ſurface of the earth. 
Therefore in going from north to ſouth our bodies do 
not keep in a parallel direction. Now in all diſtances 
from the pole the ſame length gone on the earth will 
not make the ſame change in the poſition of our bo- 
dies, but the nearer we are to the poles, we muſt go 


a greater _ to cauſe the ſame variation herein. 
| (in fig 117.) repreſent the figure of 


Let MIL 
the earth, M, L the poles, I, K two oppoſite points 
in the middle between theſe poles. Let T V and PO 


be two arches, TV being moſt remote from the pole 
W, VX, PQ, OR, each perpendicu - 


LI draw T 
lar to the ſurface of the earth, and let T W, VX meet 


in Y, and PQ, OR in 8. Here it is evident, that in 


paſſing from V to T the poſition of a man's body 
would be changed by the angle under T VV, for at 
he would ſtand in the line V V continued upward, 


and at T in the line Y T; but in paſſing from O to 


P the poſition of his body would be changed by the 


angle under OSP. Now I ſay, if theſe two angles 
are equal, the arch OP is longer than TV: for the 
figure MILK being oblong, and I K longer than 
ML, the figure will be more incurvated toward I than 


toward 
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toward L ; ſo that the lines T Wand VX will meet 
in Y before they are drawn out to ſo great a length 
as the lines PQ and OR muſt be continued to, be- 
fore they will meet in S. Since therefore VT and 
V are ſhorter than PS and SV, TV muſt be leſs 
than OP. If theſe angles under TY V and OSP are 
each & part of the angle made by a perpendicular line, 
they are ſaid each to contain one degree. And the 
unequal length of theſe arches OP and VT gives oc- 
caſion to the aſſertion, that in paſſing from north to 
ſouth the degrees on the earth's ſurface are not of an 
equal length, bur thoſe near the pole longer than thoſe 
toward the equator. For the length of the arch on 
the earth lying between the two perpendiculars, which 
make an angle of a degree with each other, is called 
the Roch of a degree on the earth's ſurface. 

42. Tais figure of the earth has ſome effect on 
eclipſes. It has been obſerved above, that ſometimes 
the nodes of the moon's orbit lie in a ſtraight line 
drawn from the ſun to the earth; in which caſe the 
moon will croſs the plane of the earth's motion at the 
new and full. But whenever the moon paſſes near the 
plane at the full, ſome part of the earth will intercept 
the ſun's light, and the moon ſhining only with light 
borrow'd from the ſun, when that light is prevented 
from falling on any part of the moon, ſo much of her 
body will be darkened. Alſo when the moon at the 
new is near the plane of the earth's motion, the inha- 
bitants on ſome part of the earth will ſee the moon 
come under the ſun, and the ſun thereby be covered 
from them either wholly or in part. Now the figure, 
which we have ſhewn to belong to the earth, will oc- 
caſion the ſhadow of the earth on the moon not to be 
perfectly round, but cauſe the diameter from eaſt to 
weſt to be ſomewhat longer than the diameter from 
north to ſouth. In eclipſes of the ſun this figure of 
the earth will make ſome little difference in the place, 


where the ſun ſhall appear wholly or in any given part 


covered. 
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covered. Let ABCD (in fig. 118.) repreſent the 


earth, A C the axis whereon it turns daily, E the cen- 
ter. Let FA GC repreſent a perfect globe inſcribed 
within the earth. Let HI be a line drawn through 
the centers of the ſun and moon, croſſing the ſurface 
of the earth in K, and the ſurface of the globe inſcri- 
bed in L. Draw EL, which will be perpendicular to 
the ſurface of the globe in L: and draw likewiſe K M, 
ſo that it ſhall be perpendicular to the ſurface of the 
earth in K. Now whereas the eclipſe would appear 
central at L, if the earth were the globe AG CF, and 
does really appear ſo at K; I ſay, the latitude of the 
place K on the real earth is different from the latitude 
of the place L on the globe FAG C. What is cal- 
led the latitude of any place is determined by the angle 
which the line perpendicular to the ſurface of the earth 
at that place makes with the axis; the difference be- 
tween this angle, and that made by a perpendicular 
line or ſquare being called the latitude. of each place. 
But it might here be proved, that the angle which 


K M makes with M C is leſs, than the angle made be- 


tween L E and E C: conſequently the latitude of the 
place K is greater, than the latitude, which the place 


L would have. 


43. THE next effect, which follows from this fi- 


re of the earth, is that gradual change in the di- 
nce of the fixed ſtars from the n points, 
which aſtronomers. obſerve. But before this can be 
explained, it is neceſſary to ſay ſomething more parti- 


cular, than has 7 et. been done, concerning the man- 


bs motion round the ſun. 


ner of the ea 


44. Ir has already been ſaid, that the earth turns 


round each day on its own axis, While its whole hody 
is carried round the ſun once in a year. How theſe 


two motions are joined together may be conceived in 
he motion of a bowl on the ground, 

where the bow] in rouling on continually turns upon. 
its axis, and at the ſame time the whole body thereof 
EIN N : be 1 18 


ſome degree by t 
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is carried ſtraight on. But to be more expreſs let A 
(in fig. 119) repreſent the ſun BCD E four diffe- 
rent ſituations of the earth in its orbit moving about 
the ſun. In all theſe let F G repreſent the axis, about 
which the earth daily turns. The points F, G are cal- 
jed the poles of the earth; and this axis is ſuppoſed 
to keep always parallel to itſelf in every ſituation of 
the earth; at leaſt that it would do ſo, were it not 
tor a minute deviation, the cauſe whereof will be ex- 
plained in what follows. When the earth is in B, 
the half HIK will be illuminated by the ſun, and the 
other half HL K will be in darkneſs. Now if on the 
globe any point be taken in the middle. between the 
poles, this point ſhall deſcribe by the motion of the 
globe the circle MN, half of which is in the enlight- 
ened part of the globe, and half in the dark part. But 
the earth is ſuppoſed to move round its axis with an 
equable motion; therefore on this point of the globe 
the ſun will be ſeen juſt half the day, and be inviſible 
the othier half. And the fame will happen to every 
point of this circle, in all fituations of the earth du- 
ring its whole revolution round the ſun. This circle 
MN is called the equator, of which we have before 
made mention. 555 | 
47. Now ſuppoſe any other point taken on the 
ſurface of the globe toward the pole F, which in the 
diurnal revolution of the globe ſhall deſcribe the cir- 
cle OP. Here it appears that more than half this 
circle is enlightened by the ſun, and conſequently that 
in any particular point of this circle the ſun will be 
longer ſeen than lie hid, that is the day will be long- 
er than the night. Again if we conſider the ſame cir- 
cle OP on the globe ſituated in D the oppoſite part 
of the orbit from B, we ſhall ſee, that here in any place 
of this circle the night will be as much longer than 


— 


the day. 


46. Ix theſe ſituations of the globe of earth a line 
drawn from the ſun to the center of the earth 9 
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de obliquely inclined toward the axis FG. Now ſup- 
poſe, that ſuch a line drawn from the ſun to the cen- 
ter of the earth, when in C or E, would be perpen- 
dicular to the axis FG; in which caſes the ſun will 
ſhine 1 upon the equator, and conſequent- 
ly the line drawn from the center of the earth to the 


un will croſs the equator, as it paſſes through the 
ſurface of the earth; whereas in all other ſituations of 


the globe this line will paſs through the ſurface of 
the globe at a diſtance from the equator either north- 
ward or ſouthward. Now in both theſe caſes half the 
circle OP vill be in the light, and half in the dark; 
and therefore to every place in this circle the day 
will be equal to the night. Thus it appears, that in 
theſe two oppoſite ſituations of the earth the day is 


ual to the night in all parts of the globe; but in 


all other ſituations this equality will only be found in 


places ſituated in the very middle between the poles, 


that is, on the equator. 


47. Thx times, wherein this univerſal equality be- 


tween the day and night happens, are called rhe equi- 


noxes. Now it has been long obſerved by aſtrono- 
mers, that after the earth hath ſet out from either e- 


quinox, ſuppoſe from E (which will be the ſpring 


equinox, if F be the north pole) the ſame equinox 
ſhall again return a little before the earth has made a 


compleat revolution round the ſun. This return of 
the equinox preceding the intire revolution of the earth 
is called the preceſſion of the equinox, and is cauſed 
dy the protuberant figure of the eartu. Ces 
48. S1NCE the ſun ſhines perpendicularly upon 

the equator, when the line drawn from the ſun to the 
center of the earth is perpendicular to the carth's axis, 


in this caſe the plane, which ſhould cut through the 
earth at the equator, may be extended to paſs-through 


the ſun; but it will not do ſo in any other poſition 


of the earth. Now let us conſider the prominent part 


of the earth about the equator, as a ſolid ring mo- 
| | = | ving 
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ving with the earth round the ſun. At the time of the 
equinoxes, this ring will have the ſame kind of ſituation 
in reſpect of the ſun, as the orbit of the moon has, when 
the line of the nodes is directed to the ſun; and at all 
other times will reſemble the moon's orbit in other fi- 
tuations. Conſequently this ring, which otherwiſe 
would keep throughout its motion parallel to itſelf, 
vill receive ſome change in its poſition from the acti- 
on of the ſun upon it, except only at the time of the 
equinox. The manner of this change may be under- 
ſtood as follows. Let AB CD (in fig. 120) repre- 
ſent this ring, E the center of the earth, S the fun, 
AFCG a circle deſcribed in the plane of the earth's 
motion to the center E. Here A and C are the two 
points, in which the earth's equator croſſes the plane 
of the earth's motion; and the time of the equinox 
falls out, when the ſtraight line A C continued would 
paſs through the ſun. Now let us recolle& what was 
ſaid above concerning the moon, when her orbit was 
in the ſame fituation with. this ring. From thence it 
will be underſtood, if a body were ſuppoſed to be 
moving in any part of this circle ABCD, what ef- 
fe& che action of the ſun on the body would have to- 
ward changing the poſition of the line AC. In par- 
ticular H1 being drawn perpendicular to S E, if the 
body be in any part of this circle between A and H, 
or between C and I, the line A C would be ſo turned, 
that the point A ſhall move toward B, and the point 
C toward D; but if it were in any other part of the 


circle, either between H and C, or between I and A, © 


the line AC would be turned the contrary way. Hence 
it follows, that as this ſolid ring turns round the cen- 
ter of the earth, the parts of this ring between A and 
H, and between C and I, are ſo influenced by the ſun, 
that they will endeavour, ſo to change the ſituation of 
the line A C as to cauſe the point A to move toward 
B, and the point C to move toward D; but all the 
parts of the ring between H and C, and between I _ | 
| | ; 
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A, will have the oppoſite tendency, and diſpoſe the 
line AC to move the contrary way. And ſince theſe 
lſt named parts are larger than the other, they will 
prevail over the other, ſo that by the action of the ſun 
upon this ring, the.line AC will be fo turned, that 
A ſhall continually. be more and more moving toward 
D, and C toward B. Thus no ſooner ſhall the ſun in 
its viſible motion have departed from A, but the mo- 
tion of the line A C ſhall haſten its meeting with C, 
and from thence the motion of this line fall again ha- 
ſten the ſun's ſecond conjunction with A; for as this 
line fo turns, that A is continually moving toward D, 
ſo the ſun's viſible motion is the ſame way as from $ 
toward T. ory do 1 
49. THE moon will have on this ring the like ef. 
fect as the ſun, and operate on it more ſtrongly, in 
the ſame proportion as its force on the ſea exceeded 
that of the ſun on the ſame. But the effect of the 
action of both luminaries will be greatly diminiſhed 
by reaſon of this ring's being j to the reſt 
of the earth; for by this means the ſun and moon 
have not only this ring to move, but likewiſe the 
whole globe of the earth, upon whoſe ſpherical part 
they have no immediate influence. Beſide the effect 
is alſo rendred leſs, by reaſon that the prominent part 
of the earth is not collected all under the equator, 


but ſpreads gradually from thence toward both poles. 


Upon the whole, though the ſun alone carries the 
nodes of the moon through an entire revolution in a- 
bout 19 years, the united force of both luminaries on 
the prominent parts of the earth will hardly carry round 
the equinox in a leſs ſpace of time than 26000 years. 
Fo. To this motion of the equinox we muſt add 
another conſequence of this action of the ſun and moon 
upon the elevated parts of the earth, that this annular 
part of the earth about the equator, and conſequently 
the earth's axis, will twice a year and twice a month 
change its inclination to the plane of the earth's mo- 
: = tions 
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tion, and be again reſtored, juſt as the inclination of 
the moon's orbit by the action of the ſun is annually 
twice diminiſhed, and as often recovers its original mag- 
nitude. But this change is very inſenſible. 


FI. I ſhall now finiſh the preſent chapter with our 


great author's inquiry into the figure of the ſecondary 
planets, particularly of our moon, upon the figure of 
which its fluid parts will have an influence. The moon 
turns always the ſame ſide towards the earth, and con- 
ſequently revolves but once round its axis in the ſpace 
of an entire month; for a ſpectator placed without the 
circle, in which the moon moves, would in that time 
obſerve all the parts of the moon ſucceſſively to paſs 
once before his view and no more, that is, that the 
whole globe of the moon has turned once round. Now 
the great ſlownels of this motion will render the cen- 
trifugal force of the parts of the waters very weak, ſo 
that the figure of the moon cannot, as in the earth, 
be much affected by this revolution upon its axis: but 
the figure of thoſe waters are made different from ſphe- 


rical by another cauſe, viz. the action of the earth up- 


on them; by which they will be reduced to an ob- 
long oval form, whoſe axis prolonged would pals thro” 
the earth; for the ſame reaſon, as we have above ob- 


ſerved, that the waters of the earth would take the 


like figure, if they had moved fo ſlowly, as to keep 
pace with the moon. And the ſolid part of the moon 
muſt correſpond with this figure of the fluid part: 
but this elevation of the paits of the moon is nothing 
near ſo great as is the protuberance of the earth at the 
equator, for it will not exceed 93 engliſh feet. 

572. THE waters of the moon will have no tide, 
except what will ariſe from the motion of the moon 
round the earth. For the converſion of the moon a- 
bout her axis is equable, whereby the inequality in the 
motion round the earth diſcovers to us at ſome times 
ſmall. parts of the moon's ſurface towards the eaſt or 
weſt, which at other times. lie hid; and as the axis, 
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whereon the moon turns, is oblique to her motion 
round the earth, ſometimes ſmall parts of her ſurface 
toward the north, and ſometimes the like toward the 
ſouth are viſible, which at other times are out of ſight. 
Theſe appearances make what is called the libration of 
the moon, diſcovered by HEvELius. But now as 
the axis of the oval figure of the waters will be point- 
ed towards the earth, there muſt ariſe from hence ſome 
fluctuation in them; and beſide, by the change of the 
moon's diſtance from the earth, they will not always 
have the very ſame height. | 
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Gu the cauſc of COLOURS 
inherent in the. LIGHT. . 


— FT ER this view which has 1 
EY. taken of Sir IS AAC NEWTORN's 
mathematical principles of philoſo- 
phy, and the uſe he has made of 
them, in explaining the ſyſtem of 
the world, &c. the courſe of my de- 
ſign directs us to turn our eyes to 
ä we other philoſophical work, his treatiſe of Optics, 
in which we ſhall find our great author's inimitable 
genius diſcovering itſelf no lels, than in the former; 
nay perhaps even more, ſince this work gives as many 
Inſtances of his ſingular force of reaſoning, and of his 
unbounded invention, though unaſſiſted in great mea- 
ſure by thoſe rules and general precepts, which facili- 
tate the invention of mathematical theorems. Nor yer 


IS this work inferior to the orher in uſefulnels ; for as 
8 2 = -- Tab 


done * 
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that has made known to us one great principle in na- 
ture, by which the celeſtial motions are continued, and 
by which the frame of each globe is preſerved; ſo 
does this point out to us another principle no leſs uni- 
verſal, upon which depends all thoſe operations in the 
ſmaller parts of matter, for whoſe ſake the greater 
frame of the univerſe is erected; all thoſe immenſe 
globes, with which the whole heavens are filled, be- 
ing without doubt only deſign'd as ſo many conveni- 
ent apartments for carrying on the more noble opera- 
tions of nature in vegetation and animal life. Which 
ſingle conſideration gives abundant proof of the cxcel- 
lency of our author's choice, in applying himſelf care- 
fully to examine the action between light and bodies, 
ſo neceſſary in all the varieties of theſe productions, that 
none of them can be ſucceſsfully. promoted without 
the concurrence of heat in a greater or leſs degree. 
2. T Is true, our author has not made fo full a diſ- 

coyery of the principle, by which this mutual action 
between light and bodies is cauſed ; as he has in rela- 
tion to the power, by which 'the- planets are kept in 
their courſes: yet he has led us to the very entrance 
upon it, and pointed out the path ſo plainly which 
muſt be followed to reach it; that one may be bold 
to ſay, whenever mankind ſhall be bleſſed with this 
improvement of their knowledge, it will be derived ſo 
directly from the principles laid down by our author 
in this book, that the greateſt ſhare of the praiſe due 
to the diſcovery will belong to him. * 


3. IN ſpeaking of the progreſs our author has made, 
I ſhall diſtinctly purſue. three things, the two firſt re- 
lating to the colours of natural bodies: for in the firſt 
head ſhall-be ſhewn, how thoſe colours are derived trom 
the properties of the light itſelf; and in the ſecond up- 
on what properties of the bodies they depend: but the 
third head of my diſcourſe ſhall treat of the action of 
bodies upon light in refracting, reflecting, and inflect- 

ing it. e e eee e e eee 4 160 et.! 


4. Tur 
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4. TRE firſt of theſe, which ſhall be the buſineſs 
of the preſent chapter, is contained in this one propo- 
ſition: that the ſun's direct light is not uniform in re- 
ſpect of colour, not being diſpoſed in every part of it 
to excite the idea of whiteneſs, which the whole rai- 
ſes ; but on the contrary is a compoſition of different 
kinds of rays, one ſort of which if alone would give 
the ſenſe of red, another of orange, a third of yellow, 
a fourth of green, a fifth of light blue, a ſixth of in- 
ö digo, and a ſeventh of a violet purple; that all theſe 
5 rays together by the mixture of their ſenſations im- 
preſs upon the organ of ſight the ſenſe of whiteneſs, 
though each ray always imprints there its own colour; 
and all the difference between the colours of bodies 


C OBI IF om TT @. 


when viewed in open day light ariſes from this, that co- 

- loured bodies do not reflect all the forts of rays falling 
upon them in equal plenty, but ſome ſorts much more 

| copiouſly than others; the body appearing of that co- 

| r e the light coming from it is moſt com- 

pole , FOES IC03- y714 SOLES W467 3 20 2 F Ph 

| 5. TuAr the light of the ſun is compounded, as 


has been ſaid, is proved by refracting it with a priſm. 
| By a priſm I here mean a glaſs or other body of a tri- 
| angular form, ſuch as is repreſented in fig. 121. But 
| before we proceed to the illuſtration of the propoſiti- 
ö on ve have Juſt now laid down, it will be neceſſary 
to ſpend a few words in explaining what is meant by 
the refraction of light; as the deſign of our preſent 
labour is to give fome notion of the ſubject, we are 
engaged in, to ſuch as are not verſed in the mathe- 
matics. pe 2 75 ; ? 414; —＋ * 8729 72 F ' 
6. Ir is well known, that when a ray of light 
paäaſſing through the air falls obliquely upon the ſurface 
of any tranſparent body, ſuppoſe water or glaſs, and 
enters it, the ray will not paſs on in that body in the 
fame line it deſcribed through the air, but be turned 9 
off from the ſurface, ſo as to be leſs inclined to it af- 17 
ter paſſing it, than before. Let AB CD (in fig. 1227 
1¹¹ 784 repreſent 


— 
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repreſent a portion of water, or glaſß, A B the furface 
of it, upon which the ray of light E F falls obliquely; 
this ray ſhall not go right on in the courſe delineated 
hy the line FG, but be turned off from the ſurface 
AB into the line FH, leſs inclined to the ſurface A 
B than the line E F is, in which the ray is incident 
upon that ſurface. i: {ltr in mak ne i e 


7. On the other hand, when the light paſſes out 
ol any ſuch body into the air, it ie inflected the con- 
trary way, being after its emergence rendred more ob- 
lique to the ſurface it paſſes thro'; than befor. Thus 
the ray F H, when it goes out of the ſurface CD, 
will be turned up towards that ſurfice, going our. in- 
tithe air in chieoline H I. oooh 20 He i 
8. T AIs turning of the light out of its wayz as it 
paſſes from one tranſparent body into another is called 
its re fraction. Both theſe caſes: may be tried by an ga- 
ſy experiment with a baſon and: water. For the firſt 
caſe fer an empty baſon in the ſunſhine or near a can- 
dle, making a mark upon the bottom at the extremity 
of the ſhadow caſt by the brim of the baſon, then by 
pouring water into the baſon you will obſervemhe ſha- 
dow to ſhrink, and leave the bottom of the baſon en- 
lightened to a good diſtanee from the mark. Let ABC 
2 123.) denote the empty baſon, EAD the 
light ſhining over the brim of it, ſo that all the part 
ABD be ſhaded. Then a mark being made at D, if 
water. be poured into the baſon (as in fig. 124.) to 
F G, you thall: obſerve the light, which before went 
on to D, now to come much ſhort of the mark D, 
falling on the bottom in the point H, and leaving the 
mark Da good Way within the enlighténed part; - 
which ſhews that the ray E A, when it enters the 3 
water at I, goes no longer ſtraight forwards, but 1 
is at that place incurvated, and made to: go nearer the 
perpendicular. The other caſe may be tryed by put - 
ting any ſmall body into an empty baſon, placed low- 
er chan your eye, aud then receding from 1 
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till you can but juſt ſee the body over the brim. Af- 
ter which, if the baſon be filled with water, you ſhall 
preſently obſerve the body to be viſible, though you 
go farther off from the baſon. Let ABC (in fig. 
12F.) denote the baſon as before, D the body in it, 
E the place of your eye, when the body is Cen juſt 
over the edge A, while the baſon is empty. If it be 
then filled with water, you will obſerve the body ſtill 
to be viſible, though you rake your eye farther off. 
Suppoſe you ſee the body in this caſe juſt over the 
brim A, when your eye is at F, it is plain that the 
rays of light, which come from the body to your eye 
have not come ſtraight on, but are bent at A, being 
turned downwards, and more inclined to the ſurface of 
the water, between A and your eye at F, than they 
are between A and the body DP). | 

9. Tris we hope is ſufficient to make all our rea- 
ders apprehend, what the writers of optics mean, when 
they mention the refraction of the light, or ſpeak of 
the rays of light being refracted. We ſhall therefore 


now go on to prove the aſſertion advanced in the fore- 


mentioned propoſition, in relation to the different kinds 


of colours, that the direct light of the ſun exhibits to 


our ſenſe ; which may be done in the following man- 
. | „ 
10. Ir a room be darkened, and the ſun permitted 


to ſhine into it through a ſmall hole in the window 


ſhutter, and be made immediately to fall upon a glaſs 
priſm, the beam of light ſhall in paſſing through ſuch 
a priſm be parted into rays, which exhibit all the fore- 
mentioned colours. In this manner if AB (in fig. 
126) repreſent the window ſhutter; C the hole inir 3 
DEF the priſm; Z M a beam of light coming from 

e, and falls upon 
the priſm at V, and if the priſm were removed would 
go on to X, but in entring the ſurface EF of the 


glaſs it ſhall be turned off, as has been explained, into 


priſm 


the. courſe Y W falling upon the ſecond ſurface of rhe 
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priim DF in W, going out of which into the air 
ſhall be again farther inflected. Let the light nov 
after it has paſſed rhe priſm, be received upon a ſhe 
of paper held ar a proper diſtance, and ir ſhall pai 
upon the paper the picture, image, or ſpectrum L. 
of an oblong figure, whoſe length ſhall much excee 
its breadth ; though the figure ſhall not be oval, th 
ends L and M being ſemicircular and the ſides ſtraight 
But now this figure will be variegated with colours i 
this manner. From the extremity M to ſome lengt 
ſuppoſe to the line o, ir ſhall be of an intenſe red 
from » 0 to p g it ſhall be an orange; from pg to r 
it ſhall be yellow; from thence to ? # it ſhall be green 
from thence to 20 x blue; from thence to y z indigo 
and from thence to the end viole. 
II. Tuus it appears that the ſun's white liz ht b 
its paſſage through rhe priſm, is ſo changed as now tc 
be divided into rays, which exhibit all theſe ſeveral co 
Tours. The queſtion is, whether the rays while inth( 
ſun's beam before this refraction poſleſſed theſe proper 
ties diſtinctly; ſo that ſome part of that beam  woulc 


without the reſt have given a red colour, and another 


part alone have giyen an orange, &c. That this is pol: 
{ible to be the caſe, appears from hence; that if a con- 
vex glaſs be placed between the paper and the priſm, 
which may collect all the rays proceeding out of the 
priſm into its focus, as a burning glaſs does the ſun'; 
direct rays 3 and if that focus fall upon the paper, the 
ſpot formed by ſuch a glaſs upon the paper ſhall ap- 
pear white, juſt like the ſun's direct light. The ref 
remaining as before, let PQ (in fig. 127. ) be the con- 
vex glaſs, cauſing. the rays to meet upon the paper 
- HGIK in the point N, I ſay that point or rather ſpot 
of light ſhall appear white, without the leaſt tincture 
of any colour. But it is evident that into this ſpot are 


now gathered all thoſe rays, which before when ſepa 


rate gave all thoſe different colours; which ſhews that 
Wahiteneſs may be made by mixing thoſe colours: ef- 
N 5 pecially 
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pecially it we conſider, it can be proved that the glaſs 


PQ does not alter the colour of the rays which paſs 


through it. Which is done thus : if the paper be made 
to approach the glaſs, PQ, the colours will manifeſt 
themlelves. as far as the magnitude of the ſpectrum, 
which the paper receives, will permit. Suppoſe it in 
the ſituation bg # &, and that it then receive the ſpec- 
trum Im, this ſpectrum ſhall be much ſmaller, than if 
the glaſs PQ were removed, and therefore the colours 
cannot be ſo much ſeparated ; but yet the extremity 
m ſhall. manifeſtly appear red, and the other extremity 
] ſhall be blue; and theſe colours as well as the inter- 


mediate ones ſhall diſcover themſelves more perfectly, 


the farther the paper is removed from N, that is, the 
larger the ſpectrum is: the fame thing happens, if the 


paper be removed farther off from P Q than N. Suppoſe 


into the poſition ,, the ſpe&rum x painted up- 
on it ſhall again diſcover its Colours, and that more 
diſtinctly, "The farther the paper is removed, but only 
in an inverted order: for as before, when the paper 
was nearer the convex glaſs, than at N, the upper part 
of the image was blue, and the under red; now the 
upper part ſhall be red, and the under blue: becauſe 


* 
5 


12. Na x farther that the whiteneſs at the focus N, 
is made by the union of the colours may be proved 
without removing the paper out of the focus, by in- 
tercepting with any opake body part of the light near 
the glaſs; for if the under part, that is the red, or 
"more properly the red-making rays, as they are ſtyled 
90 our author, are intercepted, the ſpot ſhall take a 
bluiſn hue; and if more of the inferior rays are cut 
off, ſo that neither the red- making nor orange- making 
rays, and if you pleaſe the yellow- making rays like- 
wiſe, ſhall fall upon the ſpot; then ſhall the ſpot in- 
celine more and more to the remaining colours. In like 
manner if you cut off the upper part of the rays, that 


is the violet coloured or indigo- making rays, the ſpot 
b | 8 2 


them in this place. I 
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ſhall turn reddiſh, and become more ſo, the more of 


thoſe oppoſite colours are intercepted. 


13. Tris I think abundantly proves that whiteneſs 


may be produced by a mixture of all the colours of 
the ſpectrum. At leaſt there is but one way of eva- 
ding the preſent arguments, which is, by aſſerting that 
the rays of light after paſſing the priſm have no diffe- 


rent properties to exhibit this or the other colour, but 
are in that reſpect perfectly homogeneal, ſo that the 


rays which paſs to the under and red part of the image 
do not differ in any properties whatever from thoſe, 
which go to the upper and violet part of it; bur that 
the colours of the ſpectrum are produced only by ſome 
new modifications of the rays, made at their incidence 
upon the paper by the pen rerminatians of light 


and ſhadow : if indeed this aſſertion can be allowed a- 
ny place, after what has been faid; for it ſeems. to be 


ſufficiently obviated by the latter part of the preceding 
experiment, that by intercepting the inferior part of 
the light, which comes from the priſm, the white ſpot 


ſhall receive a bluiſn caſt, and by ſtopping the upper 


part the ſpot ſhall turn red, and in both caſes recover 


its colour, When the intercepted light is permitted to 


paſs again; though in all theſe trials there is the like 
termination of light and ſhadow. However our au- 
thor has contrived ſome experiments expreſly to ſhew 
the abſurdity of this ſuppoſition, all which he has ex- 


plained and enlarged upon in fo diſtin& and expreſſive 


a manner, that it would be wholly unneceſſary to repeat 
1 only mention that of them, 
which may be tried in the experiment before us. It 
vou draw upon the paper HG IK, and through the 
5 N, che ſtraight line w parallel to the horizon, 


and then if the paper be much inclined into the ſitua- 


tion r 54.4 the line & {till remaining parallel to the ho- 
rizon, the ſpot N ſhall loſe its whiteneſs and receive 


4 „ Opt, B. I. part > prop. 1. 
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a blue 
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a blue tincture; but if it be inclined as much the con- 
trary Ways the ſame ſpot ſhall exchange its white co- 
leur for a reddiſh dye. All which can never be accoun- 
ted for by any difference in the termination of the light 
and ſhadow, which here is none at all; but are eaſily 
explained by ſuppoſing the upper part of the rays, 
whenever they enter the eye, diſpoſed to give the ſen- 
ſation of the dark colours blue, indigo and violet; and 
that the under part is fitted to produce the bright co- 
jours yellow, orange and red: for when the paper is in 
the ſituation vst uu, it is plain that the upper part of 
the light falls more directly upon it, than the under 


part, and therefore thoſe rays will be moſt plentifully 


reflected from it; and by their abounding in the reflec- 
ted light will cauſe it to incline to their colour. Juſt 
ſo when the paper is inclined the contrary way, it 


will receive the inferior rays moſt directly, and there 


fore tinge the. light it reflects with their colour. 
134. IL is now to be proved that theſe diſpoſitions 
of the rays of light to produce ſome one colour and 
ſome atiother, which manifeſt themſelves after their be- 
ing refracted, are not wrought by any action of the 
priſm upon them, but are originally inherent in thoſe 
rays; and that the priſm only affords: each ſpecies an 
occaſion of ſne wing its diſtindt quality by ſeparating 
them one from another, which before, while they 


were blended together in the direct beam of the ſuns 


light, lay conceal d. But that this is ſo, will be pro- 


ved if it can be ſhewn: that no priſm has any 22 | 
one 


upon the rays, which after their paſſage throug 

priſm ore rendered uncompounded and contain in them 
but one colour, either to divide that colour into ſeve- 
ral, as the ſun's light is divided, or ſo much as to change 


it into any other colour. This will be proved by the 


following experiment *. The ſame thing remaining, 
as in the firſt experiment, let another priſm N O (in 


Net. Opt. B. I. part. l. experim. 3. 


fig. 


is obberved. 


light. He ſhews therefore how, 


he ſhows: when this is done 


5 However 1 it — , 105 
316. Nox yet will theſe a after” this fall ſepa- 
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fig. 128.) be placed either immediately, or at ſome 


_ dittance after the firſt, in a perpendicular ' poſture, ſo 


that it ſhall refract the rays: iſſuing from the firſt ſide- 
ways. Now if this priſm could divide the light fal- 


ling upon it into coloured rays, as the firſt has done, 


it would divide the ſpectrum breadthwiſe into colours, 
28 before it was divided length wiſe; but no ſuch ching 
If LM were the ſpectrum, which the 
— Q bring DEE would paint upon the paper HG IK; 
Daus in an oblique poſture:ſhall be the ſpectrum 
profes ted by the: ſecond, and ſhall be divided length wiſe 
into: colours: correſpondi ng to the colours of the ſpec- 
trum LM, and occaſioned like cem by the tefraction 
of the fart priſm, but its breadth: ſhall receive no ſuch 
diviſion; on the contrary each colour ſhall be uniform 


from ſide to ſide, is much as in on 3 * M, 


which proves the whole aſſertion: 561 © 
17. TA fame is yet much farther. confirmed: by a 


nather experiment. Our author teaches that the colours 


we the ſpectrum L. M in the) firſt experiment are yet 
_ though not ſo much as in the ſun's:dire& 

by placing the priſm 
at a diſtance from the hole, and by the uſe of a convex 
glaſs, to ſeparateꝭ the colours ofthe ſpectrum, and make 
them uncompounded to any degree of exactneſs . And 
any, if you. make 2 

ſmall hole in tho paper whereon che ſpectrum is recei- 


ved, through which any one ſoxt of rays may paſs, and 


then let that coloured ray fall ſo upon a priſm, as to be 
refracted by it. a tall i in no caſe whatever change its 
colour ; but r retain it any as _—_— 


— of them ſuffer any change by reflection from bo- 


dies of Siffernat; colours 5 on he ann hand en 85 
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appear as in open day light; but in yellow light will 
appear yellow; and which is more extraordinary, in 


green light will appear green, in blue, blue; and in the 
violet · purple coloured light will appear of a purple co-- 


jour; in like manner verdigreaſe, or blue biſe, will put 


on the appearance of that colour, in which it is placed: 


fo that neither biſe placed in the red light ſhall be able 
to give that light the leaſt blue tincture, or any other 


different from red; nor ſhall minium in the indigo or 


violet light exhibit the leaſt appearance of red, or any 
other colour diſtinct from that it is placed in. The on- 
ly difference is, that each of theſe bodies appears moſt 
luminous and bright in the colour, which correſponds 


with that it exhibits in the day light, and dimmeſt in 
the colours moſt remote from that; that is, though mi- 


nium and biſe placed in blue light ſhall both appear 
blue, yer the biſe ſhall appear of a bright blue, and the 
minium of a dusky and obſcure blue: but if minium 
and biſe be compared together in red light, the mini- 
um ſhall afford a brisk red, the biſe a duller colour, 
though of the ſame ſpecies. 


17. AN o this not only proves the immutability of 


all theſe ſimple and uncompounded colours; but like- 
wiſe unfolds the whole myſtery, why bodies appear in 
open day · light of ſuch different colburs, it conſiſting in 
nothing more than this, that whereas the white light 
of the day is compoſed of all ſorts of colours, ſome bo- 


dies reflect the rays of one ſort in greater abundance than 


the rays of any other v. Though it appears by the fore- 
cited experiment, that almoſt all theſe bodies reflect 
ſome portion of the rays of every colour, and give the 
ſenſe of particular colours only by the predominancy of 
{ome ſorts of rays above the reſt. And what has before 


* Newt. Opt. B. 1. part. 2. exper. 6. 
» Newton Opt. B. I. prop. 10. 


been 
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all bodies placed in theſe colours appear of the colour 
which falls upon them“: for minium in red light will 
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been explained of compoſing white by mingling all the 


colours of the ſpectrum together ſhews clearly, that 


nothing more is required to make bodies look white, 


than a power to reflect indifferently rays of every co- 


lour. But this will more fully appear by the following 


method: if near the coloured ſpectrum in our firſt ex- 


periment a piece of white paper be ſo held, as to be i- 


luminated equally by all the parts of that ſpectrum, it 


| ſhalla ppear white; whereas if it be held nearer to the 
red end of the image, than to the other, it ſhall turn 


reddiſh ; if nearer the blue end, it ſhall ſeem bluiſh *. 
18. Ov indefatigable and circumſpect author far- 


ther examined his theory by mixing the powders which 


painters uſe of ſeveral colours, in order if poſſible to 
produce a white powder by ſuch a compoſition *. . But 
in this he found difficult ies for the following rea- 
ſons. Each of theſe coloured powders reflects but part 


of the light, which is caſt upon them; the red pow- 
ders reflecting little green or blue, and the blue powders 


refleCting very little red or yellow, nor the green pow- 


ders reflecting near ſo much of the red or indigo and 


purple, as of the other colours: and beſides, when any 
of theſe are examined in h eneal light, as our au- 
thor calls the colours of the priſm, when well ſeparated, 
though each appears more bright and luminous in its own 


day- light colour, than in any other; yet white bodies, 


ſuppoſe white paper for inſtance, in thoſe very colours 


exceed theſe coloured bodies themſelves in brightneſs; 


ſo that white bodies reflect not only more of the whole 
light than coloured bodies do in the day- light, but even 
more of that very colour which they reflect moſt copi- 
oufly. All which confiderations make it manifeſt that a 
mixture of theſe will not reflect ſo great a quantity of 
light, as a white body of the ſame ſze; and therefore 
will compoſe fuch a colour as would reſult from a mix- 


Newton Opt. B. I. prop. 10. exp. 9. 
b Newton Opt. B. I. part 1. exp. 15. | 
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ture of white and black, ſuch as are all grey and dun 
colours, rather than a ſtrong white. Now ſuch a co- 
lour he compounded of certain ingredients, which he 
particularly ſets down, in ſo much that when the com- 


ſition was ſtrongly illuminated by the ſun's direct 
beams, it would appear much whiter than even white 


paper, if conſiderably ſhaded. Nay he found by trials 
how to proportion the degree of illumination of the 
mixture and paper, ſo that to a ſpectator at a proper di- 
ſtance it could not well be determined which was the 
more perfect colour; as he experienced not only by him- 


ſelf, but by the concurrent opinion of a friend, who 


chanced to viſit him while he was trying this experi- 
ment. I muſt not here omit another method of trying 
the whiteneſs of ſuch a mixture, propoſed in one of our 
author's letters on this ſubject *: which is to enlighten 
the compoſition by a beam of the ſun let into a darken- 
ed room, and then to receive the light reflected from 
it upon a piece of white paper, obſerving whether the 
paper appears white by that reflection; for if it does, 
it gives proof of the compolition's being white; be- 
cauſe when the paper receives the reflection from any 
coloured body, it looks of that colour. Agreeable to 
chis is the trial he made upon water impregnated with 


ſoap, and agitated into a froth ®: for when this froth 


after ſome ſhort time exhibited upon the lirtle bubbles, 


which compoſed ir, a great variety of colours, though 


theſe colours to a ſpectator at a ſmall diſtance diſcover'd 
themſelves diſtinctly; yet when the eye was fo far re- 
moved, that each little bubble could no longer be di- 
ſtinguiſned, the whole froth by the mixture of all theſe 
colours appeared intenſly white. | wy 

19. Ov author having fully ſatisfied himſelf by 


theſe and many other experiments, what the reſult is of 


mixing together all the priſmatic colours; he proceeds 
in the next place to examine, whether this appearance 


Philoſ. Tranſact. N. 88, p. 5099. » Opt. B. I. par. 2. exp. 14. 
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of whiteneſs be raiſed by the rays of theſe different 
kinds acting ſo, when they meet, upon one another, as 


to cauſe each of them to impreſs the ſenſe of whiteneſs 


upon the optic nerve; or whether each ray does not 
make upon the organ of ſight the fame impreſſion, as 
when ſeparate and alone; to that the idea of whiteneſs 
is not excited by the impreſſion from any one part of 
the rays, but reſults from the mixture of all thoſe diffe- 


rent ſenſations. And that the latter ſeqtiment is the true 


one, he evinces by undeniable experiments. | 

20. IN particular the foregoing experiment *, where- 
in the convex glaſs was uſed, furniſhes proofs of this: in 
that when the paper is brought into the ſituation 9y vx, 
beyond N the colours, that at N diſappeared, begin to 


emerge again; which ſhews that by mingling at N 


they did not loſe their colorific qualities, though for 


ſome reaſon they lay concealed. This farther appears 


by that part of the experiment, when the paper, while 


in the focus, was directed to be enclined different ways; 


for when the paper was in ſuch a ſituation, that it muſt 


of neceſſity reflect the rays, which before their arrival 


at the point N would have given a blue colour, thoſe 
rays in this very point it ſelf by abounding in the reflect- 


ed light tinged with the ſame colour; ſo when the pa- 


per reflects moſt copiouſly the rays, which before they 


come to the point N exhibit redneſs, thoſe ſame rays 


tincture the light reflected by the paper from that ve- 
ry point with their own proper colour. 

21. THERE 1s acertain condition relating to ſight, 
which affords an opportunity of examining this {till 
more fully: it is this, that the impreſſions of light re- 
main ſome ſhort ſpace upon the eye; as when a burning 
coal is whirP'd about in a circle, if the motion be very 


quick, the eye ſhall not be able to diſtinguiſh the coal, 


but ſhall ſee an entire circle of fire. The reaſon of which 


appearance is, that the impreſſion made by the coal up- 


a Opt, B. I, par, 2. ex p. 10. 


on 


on the eye in any one ſituation is not worn out, before 


the coal returns again to the ſame place, and renews 


the ſenſation. This gives our author the hint to try, 


whether theſe colours might not be tranſmitted ſucceſ- 


| ſively to the eye ſo quick, that no one of the colours 
ſhould be diſtinctly perceived, but the mixture of the 
ſenſations ſhould produce a uniform whiteneſs z when 
the rays could not act upon each other, becauſe they 
never ſhould meet, but come to the eye one after ano- 
ther. And this thdught he executed by the following 
expedient *. He made an inſtrument in ſhape like a 


comb, which he applied near the convex glaſs, ſo that 


by moving it up and down ſlowly the teeth of it might 
intercept ſometimes one and ſometimes another colour z 
and accordingly the light reflected from the paper, pla- 
ced at N, ſhould change colour continually. But now 
when the comb- like inſtrument was moved very quick, 


the eye loſt all preception of the diſtinct colours, which 


came to it from time to time, a perfect whiteneſs re- 


ſulting from the mixture of all thoſe diſtin& impreſſi- 


ons in the ſenſorium. Now in this caſe there can be no 


| ſuſpicion of the ſeveral coloured rays acting upon one 


another, and making any change in each other's man- 
ner of affecting the eye, ſeeing they do not fo much as 
meet together there. | 


22. Ou author farther teaches us how to view the 


ſpectrum of colours produced in the firſt experiment 
with another priſm, ſo that it ſhall appear to the eye 
under the ſhape of a round ſpot and perfectly white . 
And in this caſe if the comb be uſed to intercept al- 
ternately ſome of the colours, which compoſe the ſpect- 
rum, the round ſpot ſhall change its colour according 


to the colours intercepted ; but if the comb be moved 


too ſwiftly for thoſe changes to be diſtinctly perceived, 
the ſpot ſhall ſeem always white, as before. 


Opt. pag. 122. | : Ibid. prop. 4. 6. 
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23. BESIDES this whiteneſs, which reſults from an 
univerſal compoſition of all ſorts of colours, our author 
particularly explains the effects of other leſs compound. 
ed mixtures; ſome of which compound other colours 
like ſome of the ſimple ones, bur others produce colours 
different from any of them. For inſtance, a mixture of 
red and yellow compound a colour like in appearance to 
the orange, which in the ſpectrum lies between them; 
as a compoſition of yellow and blue is made uſe of in 
all dyes to make a green. But red and violet purple 
compounded make purples unlike to any of the priſma- 
tic colours, and theſe joined with yellow or blue make 
yet new colours. Beſides one rule is here to be obſerved, 
that when many different colours are mixed, the colour 
which arifes from the mixture grows languid and dege- 
nerates into whiteneſs. So when yellow green and blue 
are mixed together, the compound will be green; but 
if to this you add red and purple, the colour ſhall firſt 
grow dull and leſs vivid, and at eagth by adding more 
of theſe colours it ſhall turn to whiteneſs, or ſome o- 
Oo, RN dn | on 
24. ON L here is one thing remarkable of thoſe 
compounded colours, which are like in appearance to 


the ſimple ones; that the ſimple ones when viewed 


through a priſm ſhall {till retain their colour, but the 
compounded colours ſeen through ſuch a glaſs ſhall be 
. parted into the ſimple. ones of which they are the ag- 
gregate. And for this reaſon any body illuminated by 
the ſimple light ſhall appear through a priſm diſtinctly, 
and have its minuteſt parts obſervable, as may eaſily be 
tried with flies, or other ſuch little bodies, which have 
very ſmall parts; but the ſame viewed in this manner 
when enlighten'd with compounded. colours ſhall ap- 
pear confuſed, their ſmalleſt parts not being diſtinguiſh- 
able. How the priſm ſeparates theſe compounded co- 
lours, as likewiſe how it divides the light of the ſun in- 


a Opt. pag. 51. | 
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to its colours, bas not yet been explained; but is reſer- 
ved for our third chapter. | ; | 
257. In the mean time what has been faid, I hope, 
will ſuffice to give a taſte of our author's way of argu- 
ing; and in fome meaſure to illuſtrate: the propoſition 
lad down in this chapter. : 8 
26. THERE are methods of ſeparating the hetero- 


geneous rays of the ſun's light by reflection, which per- 


fectly conſpire with and confirm this reaſoning. One of 
which ways may be this. Let AB (in fig. 129). re- 
preſent the window ſhutter of a darkened room; C a 
hole to let in the ſun's rays; DEF, G HI two priſms 
ſo applied together, that the ſides EF and GT be con- 


tiguous, and the des DF, GH parallel; by this means 


the light will paſs 3 them without any ſepara- 
tion into colours: but if it be afterwards received by 


a third priſm IK L, it ſhall be divided fo as to form up- 


on any white body PQ the uſual colours, violet at , 


blue at u, green at o, yellow at 7, and red at . Bur 
becauſe it never happens that the two adjacent ſurfa- 
ces EF and G perfectly touch, part only of the light 
incident upon the ſurface E F ſhall be tranſmitted, and 


part ſhall be reflected. Let now the reflected part be 


received by a fourth priſm A A, and paſſing through 
it paint upon a white body Z the colours of the priſm, 
red at t, yellow at u, green at , blue at x, violet at 
5. If the priſms DEF, G HI be ſlowly turned about 
while they remain contiguous, the colours upon the 
body PQ ſhall not ſenſibly change their ſituation, till 
ſuch time as the rays become pretty oblique to the ſur- 
face EF; but then the light incident upon the ſur- 
face E F ſhall begin to be wholly reflected. And firſt 
of all the violet light ſhall be wholly reflected, and 
thereupon will diſappear at , appearing inſtead there- 
of at y, and increaſing the violet light falling there, 
the other colours remaining as before. If the priſms 
DEF, GHI be turned a little farther about, that the 
incident rays become yet more inclined to the ſurface 

55 = | . 
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E F, the blue ſhall be totally reflected, and ſhall dif- 
appear in 7, but appear at x by making the colour 
there more intenſe. And the ſame may be continued, 
till all the colours are ſucceſſively removed from the 
ſurface PQ to ZT. But in any caſe, ſuppoſe when the 
violet and the blue have forſaken the ſurface PQ, and 


appear upon the ſurface ZT, the green, yellow, and red. 


only remaining upon the ſurface PQ; if the light be 
received upon a paper held any where in its whole paſ⸗ 
ſage between the light's coming out of the priſms DEF, 
GIH and its incidence upon the priſm IK L, it ſhall 
appear of the colour compounded of all the colours 
ſeen upon P Q; and the reflected ray, received upon a 
piece of white paper held any where between the 


priſms DE F and 4 , ſhall exhibit the colour com- 


pounded of thoſe the ſurface P Q is deprived of mixed 
with the ſun's light : whereas before any of the light 
Was reflected from the ſurface E F, the rays between 
the priſms GHI and IK L would appear white; as 
will likewiſe the reflected ray both before and after the 
total reflection, provided the difference of refraQti- 


on by the ſurfaces D F and DE be inconſiderable. I 


call here the ſun's light white, as I have all along done; 
but it is more exact to aſcribe to it ſomething of a yel- 
lowiſn tincture, occaſioned by the brighter colours a- 
bounding in it; which caution is neceſſary in examining 
the colours of the reflected beam, when all the violet 
and blue are in it: for this yellowiſh turn of the ſun's 
light cauſes the blue not to be quite ſo viſible in it, 


as it ſhould be, were the light perfectly white; but 


makes the beam of light incline rather towards a pale 
white. | 
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CHAP. Mw 


Of the properties of BOPDIE 9, upon 
which their COLOURS depend. 


XF ER having ſhewn in the laſt chapter, that 
A the difference between the colours of bodies 
viewed in open day-light is only this, that ſome bo- 
dies are diſpoſed to reflect rays of one colour in the 
greateſt plenty, and other bodies rays of ſome other co- 
lour; order now requires us to examine more particular- 
ly into the property of bodies, which gives them this 


difference. But this our author ſhews to be nothing 


more, than the different magnitude of the particles, 


| which compoſe each body: this I queſtion not will ap- 


pear no ſmall paradox. And indeed this whole chapter 


will contain ſcarce any aſſertions, but what will be al- 
moſt incredible, though the arguments for them are ſo 
Tong and convincing, that they force our aſſent. In 


the former chapter have been explained properties of 
light, not in the leaſt thought of before our author's 
diſcovery, of them; yet are they not difficult to admit, 
as ſoon as experiments are known. to give proof of their 


reality; but ſome of the propoſitions to be ſtated here 
will, I fear, be accounted almoſt paſt belief; notwith- 


ſtanding that the arguments, by which they are eſta- 
bliſhed are unanſwerable. For it is proved by our au- 
thor, that bodies are rendered tranſparent by the minute» 


neſs of their pores, and become opake by having them 
large; and more, that the moſt tranſparent body by 
being reduced to a great thinneſs will become leſs per- 


vious to the light. | 


2. Bu r whereas it had. been the received opinion, 


and yet remains ſo among all who have not ſtudied this 


ms 
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impinging againſt their ſolid parts, rebounding from 
them, as a tennis ball or other elaſtic ſubſtance would 
do, when ſtrurk againſt any hard and refiſting ſurface; 
it will be proper to begin with declaring our author's 
ſentiment” concerning this, who ſhews by many argu- 
ments that reflection cannot be. cauſed by any ſuch 
means ;; ſome few of his proofs T ſhall ſer Jown, refer- 
ring the reader to our author himſelf for the reſt. 
3. IT is well known, that when light falls upon any 
tranſparent body, glaſs for inſtance, part of it is refled- 
ed and part tranfinitted' z for which it is ready to ac- 
count, by faying that part of the light enters the pores 
of the glaſs, and part impinges upon its ſolid parts. But 


whien the tranſmitted light trrives at the farther ſurface 
of the glaſs, in paſſing out of glaſs into air thete is as 


ſtrong a reflection cauſed, or rather ſomething ſtronger. 
Now it is not to be conceived, how the light ſhould 
nd as many folid parts in the air to ſtrike againſt as in 
the glaſs, or even a greater number of therh. And to 
augment the difficulty, if water be placed behind the 
glaſs, the reflection becomes much weaker. Can we 
therefore ſay, that water has fewer ſolid parts for the 


light to ſtrike againſt, than the air ? And if we ſhould, 


What reafon can be given for the reflection's being 
ſtronger, when the air by the air-pump is remo- 
ved from behind the glaſs, than when the air re- 
ecives the rays of light. Beſides the light may be fo 
inclined to the hinder ſurface of the glafs, that it ſhall 


wholly be reflected, which happens when the angle 


which the ray makes with the ſurface does not exceed 
about 495 degrees; bur if the inclination be a very lit- 


tleinicreaſed, great part of the light will be tranſmitred; | 
and how the light in one caſe ſhould meet with nothing 


but the ſolid parts of the air, and by ſo ſmall a change 
of its inclination. find pores in great plenty, is wholly 
inconceivable. It cannot be ſaid, that the light is re- 


: 2 Opt, Book II. prop. 3. 
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flected by ſtriking againſt the ſolid parts of the ſurface 
of the glaſs; becauſe without making any change in 
that ſurface, only by placing water contiguous to it 
inſtead of air, great part of that light ſhall be trauſmit- 
ted, which could find no paſſage through the air. 
Moreover in the laſt experiment recited in the prece- 
ding chapter, when by turning the priſms DEF, GHI, 


the blue light became wholly reflected, while the reſt 


was moſtly. tranſmitted, no poſhble reaſon can be aſſign» 


ed, why the blue-makipg rays ſhould meet with fo- 
thing but the ſolid parts of the air between the priſms, 
and the reſt of the light in. the very ſame obliquity find 


pores in abundance. Nay farther, when two glaſſes 
touch each other, no reflection at all is made; though 
it does not in the leaſt appear, how the rays ſhould a- 
void the ſolid parts of glaſs, when contiguous to other 
glass, any more than when contiguous to air. But in the 
laſt place upon this ſuppoſition it is not to be compre- 


hended, how the moſt poliſhed ſub ſtances could reflect 


the light in that regular manner we find they do; for 
when a paliſhed looking glaſs is covered over with quick 
ſilyer, we cannot ſuppoſe the particles of light ſo much 
larger chan thoſe of the quick - ſilver, that they ſhould 
not he ſcattered as much in reflection, as a parcel of 
marbles thrown down upon a rugged pavement. 'Fhe 
only cauſe of ſo uniform and regular a reflection muſt 
be ſome more ſecret cauſe, uniformly ſpread over the 
whale ſurſace of the glas. 


4. Bur now, ſince the reflection of | light from bo- 


dies does not depend upon its impinging againſt their 


ſolid parts, ſome other reaſon: muſt be ſought for. And 


firſt it -is. paſt doubt that the leaſt parts of almoſt all bo- 
dies are tranſparent, even the microſcope ſhewing as 
much; beſides that ir may be experienced by this 


and apply it to a ſmall hole deſigned for the admiſſion 


method. Take. any thin plate of the opakeſt body, 


Opt. Book II. par, 3. prop. 2, 


of 
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of light into a darkened room; however opake that 
body may ſeem in open day- light, it ſhall under theſe 
circumſtances ſufficiently diſcover its tranſparency, pro- 
vided only the body be very thin. White metals in- 


deed do not eaſily thew themſelves tranſparent in theſe 
trials, they reflecting almoſt all the light incident up- 


on them at their firſt ſuperficies; the cauſe of which 


will appear in what follows*. ' But yet theſe ſubſtan- 
ces, when reduced into parts of extraordinary minute. 


| neſs by being diſſolved in aqua fortis or the like corro- 


ding liquors do alſo become tranſparent. To 
F. SINCE therefore the light finds free paſſage 
through the leaſt parts of bodies, let us conſider the 


' largeneſs of their pores, and we ſhall find, that when- 


ever a ray of light has paſſed through any particle of 
a body, and is come to its farther ſurface, if it finds 
there another particle contiguous, it will without inter- 


ruption pals into that particle; juſt as light will pa 


through: one piece of glaſs into another piece in con- 
tact with it without any impediment, or any part be- 


ing reflected: but as the light in paſſing out of glak, 


or any other tranſparent body, ſhall part of it be re- 
flected back, if it enter into air or other tranſparent 


body of a different denſity from that it paſſes out of; 


the ſame thing will happen in the light's paſſage thro 


any particle of a body, whenever at its exit out of 


that particle it meets no other particle contiguous, buc 
muſt enter into a pore, for in this caſe it ſhall not all 


pals through, but part of it be reflected back. Thus 


will the light, every time it enters a pore, be in part 
reflected; to that nothing more ſeems neceſſary to opa- 
city, than that the particles, which compoſe any body, 
touch but in very few places, and that the pores of it 


are numerous and large, ſo that the light may in part 


be reflected from it, and the other part, which enters 


700 deep to be returned out of the body, by numerous 


. = 
; reflections 
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reflections may be ſtifled and loſt* ; which in all pro- 
bability happens, as often as it impinges againſt the ſo- 
lid part of the body, all the light which does ſo not 
being reflected back, but ſtopr, and deprived of any 
farther motion, Y . 5 
6. Tm1s notion of opacity is greatly confirmed 
by the obſervation, that opake bodies become tranſpa- 
rent by filling up the pores with any ſubſtance of near 
the ſame denſity with. their parts. As when paper is 
wet with water or oylz when linnen cloth is either _ ' 
dipt in water, oyled, or varniſhed ; or the oculus mun- 
di ſtone ſteeped in water. All which experiments 
confirm both the firſt affertion, that light is not re- 
flected by ſtriking upon the ſolid parts of bodies; and 
alſo the ſecond, that its paſſage is obſtructed by the | 
reflections it undergoes in the pores; ſince we find it | 
in theſe trials to paſs in. greater abundance through bo- aa 
dies, when the number of their ſolid parts is increaſed, 
only by _ away in great meaſure thoſe reflecti- | Nl 
ons; which filling the pores with. a ſubſtance of near bl 
the ſame denſity with the parts of the body will do, | 
1 f 
| 


Beſides as filling the pores of a dark body makes it 
tranſparent ;z ſo on the other hand evacuating the 

of a body tranſparent, or ſeparating the parts of ſuch 

a body, renders it opake. As ſalts or wet paper by 
being dried, glaſs by being reduced to powder or the F 
ſurface made rough; and it is well known that glaſs i} 
 veſſelsdiſcover cracks in them by their opacity. Juſt | 
ſo water. itſelf becomes impervious to the light by be- | 
ing formed into many ſmall bubbles, whether in froth, | 
or by being mixed and agitated with any quantity of 
2 liquor with which it will not incorporate, ſuch as 
oyl of turpentine, or oyl olive. ES 
7. A certain electrical experiment made by Mr. 5 
| HavksBEE may not perhaps be uſeleſs to clear up. i 
be preſent - ſpeculation, by ſhewing that ſomething | 
Opt. Book II. par, 3. prop. 4 b Opt. Book II. pag, 241. 
f. 1bid. pag 324 © | | 


| 


1 


1 
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more is neceſſary beſides mere poroſity far tranſmitting 
freely other fine ſubſtances. The experiment is this; 
that a glaſs cane rubbed till it put forth its electric 


quality would agitate leaf braſs incloſed under a: glaß 


veſſel, though nor at ſo great a diſtance, as if no body 
had intervened; yet the ſame cane would loſe. all its 
influence on the leaf braſs by the interpoſition of 2 

iece of the fineſt muſlin, whoſe pores are immenſely 
larger and more patent than thoſe of glaſs. 


+ 8. Tuus I have endeavoured. to moorh my 


as much as I could, to the unfolding. yet greater {c- 
erets in nature; for I ſhall now proceed to ſhew the 


reaſon why bodies appear of different colours. My 


reader no doubt will be ſufficiently ſurprized, when 1 
intorm him that the knowledge of this is deduced from 

that ludierous experiment, with which children divert 
themſelves in blowing bubbles of water made tenaci- 
ous by the ſolution of ſoap. And that theſe bubbles, 
as they gradually grow thinner and thinner till they 


break, change ſucceſfively their colours from the ſame 


principle, as all natural bodies preſerve theirs. 
9. Ov author after preparing water with ſoap, 
fo as to render it very tenacious, blew it up inta a bub- 
ble, and placing it under à glaſs, that it might not be 
irregularly agitated by the air, obſerved as the water 
by ſubſiding changed the thiekneſs of the bubble, ma- 
king it gradually leſs and leſs till the bubble broke; 
there ſucceſſively appeared colours at the top of the 
bubble, which ſpread themſelves into rings ſurround- 
ing the top and deſcending more and more, till they 
vaniſhed at the bottom inks 

appeared*.  'The colours emerged in this order: firſt 
red, then blue; to which ſucceeded red a ſecond time, 


and blue immediately followyed; after that red a third 


time, ſucceeded by blue; to which followed a fourth 


red, but ſucceeded by green; after this à more nume- 


I bid. Obſ. 17. &c. | | 
| | TOUS 


ſame order in which they 


rr e , < 5 of» ay 
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vous order of colours, firſt red, then yellow, next green, 
and after that blue, and at laſt purple; then again red, 
yellow, green, blue, violet followed each other in or- 
der; and in the laſt place red, yellow, white, blue; 


to Which ſucceeded a dark ſpot, which reflected ſcarce 


any light, though our author found it did make ſome 
very obſcure reflection, for the image of the ſun or a 
candle might be faintly diſcerned upon it; and this laſt 
ſpot ſpread itſelf more and more, till the bubble ar laſt 
broke. Theſe colours were not ſimple and uncom- 


pounded colours, like thoſe which are exhibited by the 


priſm, when due care is taken to bo them; but 
were made by a various mixture of thofe ſimple co- 


ours, as will be ſhewn in the next chapter: whence 


theſe colours, to which I have given the name of blue, 
zreen, or red, were not all alike, but differed as fol- 
lows. The blue, which appeared next the dark ſpot, 
was a pure colour, but very faint, reſembling the Sky- 


colour z the white next to it a very ſtrong and intenſe 
white, brighter much than the white, which the bub- 


dle reflected, before any of the colours appeared. The 


? 


fore the yellow ar firft gave a tincture of ſcarlet incli- 
ning to violet, but ſoot changed into a brighter co- 
lour; the violet of the next ſeries was deep with lit- 
tle or no redneſs in it; the blue a btisk colour, but 
came much ſhort of the blue in the next order; the 
green was but dilute and pale; the yellow and red 
were very bright and full, the beſt of | 
which appeared among any of the colours: in the pre- 
| eeding orders the purple was reddiſh, but the blue, as 
was juſt now aid, the brighteſt of all; the green prer- 
ty hvely better thay in the order which appeared be- 


fore it, though that was a good willow green; the 


yellow but ſmall in quantity, though bright; the red 


of this order not very pure: thoſe which appeared be- 


127 which preceded this was at firit pretty good, 
ut f60n grew dilute; and the red which went be- 


all the yellows 


» — — — —— — 
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fore yet more obſcure, being very dilute and dirty; a 
were likewiſe the three firſt blues. | 

10. Now it is evident, that theſe colours aroſe at the top 
of the bubble, as it grew by degrees thinner and thinner; 
but what the expreſs thickneſs of the bubble was, where 
each of theſe colours appeared upon it, could not be 
determined by theſe experiments; but was found by 
another means, viz. by taking the object glaſs of a long 
teleſcope, which is in a ſmall degree convex, and pla- 


Cing it upon a flat glaſs, ſo as to touch it in one point, 


and then water being put between them, the ſame co- 
Jours appeared as in the bubble, in the form of circles 
or rings ſurrounding the point where the glaſſes touch- 
ed, which appeared black for want of any reflection 
from it, like the top df the bubble when thinneſt? ; 
next to this ſpot lay a blue. circle, and next without 
that a white one; and ſo on in the ſame order as before, 
reckoning from the dark ſpot. And henceforward 1 
ſhall ſpeak of each colour, as being of the firſt, ſecond, 
or any following order, as it is the firſt, ſecond, or a- 
my following one, counting from the black {pot in the 
center of theſe rings; which is contrary to the order 
in which I muſt. have mentioned them, if I ſhould 
have reputed them the firſt, ſecond, or third, &c. in 
order, as they ariſe after one another upon the top of 
A ) CIO 

11. Bur now by meaſuring the diameters of each of 
theſe rings, and knowing the convexity of the teleſ- 
cope glaſs, the thickneſs of the water at each of thoſe 
rings may be determined with great exactneſs: for in- 
ſtance the thickneſs of it, where the white light of 
the firſt order is reflected, is about 33; ſuch parts, of 
which an inch contains 1000000 And this meaſure 
gives the thickneſs of the bubble, where it appeared 


of this white colour, as well as of the water between 


bid. Obf. 16. v bid pag, 206. 


the 
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the glaſſes; though the tranſparent body which ſur- 


rounds the water in theſe two caſes be very different: 


for our author found, that the condition of the ambient 
body would not alter the ſpecies of the colour at all, 


though it might its ſtrength and brightneſs ; for pieces of 


Muſcovy glals, which were ſo thin as to appear co- 
loured by. being wet with water, would have their 
colours faded and made leſs bright thereby; but he 
could not obſerve their ſpecies at all to be changed. 
So that the thickneſs of any tranſparent body deter- 
mines its colour, whatever body the light paſſes thro” 
in coming to it.. | 
12. Bur it was found that different tranſparent bo- 
dies would not under the ſame thickneſſes exhibir the 
fame colours: for if the forementioned glaſſes were laid 
upon each other without any water between their ſur- 
faces, the air it ſelf would afford the ſame colours as 
the water, but more expanded, inſomuch that each ring 
had a larger diameter, and all in the ſame proportion. So 


that the thickneſs of the air proper to each colour 


was in the ſame proportion larger, than the thickneſs of 
the water appropriated to the lame ®. 


13. Ir we examine with care all the circumſtances 


of theſe colours, which will be enumerated in the next 
chapter, we ſhall not be ſurprized, that our author 
takes them to bear a great analogy to the colours of 


natural bodies. For the regularity of thoſe various 
and ſtrange appearances relating to them, which makes 


the moſt myſterious part of the action between light 

and bodies, as the next chapter will ſnew, is ſufficient 
to convince us that the principle, from which they 
flow, is of the greateſt importance in the frame of na- 
ture; and therefore without queſtion is deſigned for no 


leſs a purpoſe than to give bodies their various colours, 


to which end it ſeems very fitly ſuited. For if any 
ſuch tranſparent ſubſtance of the thickneſs proper to 


* Obſer, 21. ' Obſery, 5. compared with Obſery. 10. 
© Ibid, prop. 5. 


produce 
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produce any one colour ſhould be cut into flender 


threads, or broken into fragments, it does nor appear 
but theſe ſhould retain the ſame colour; and a heap of 
ſuch fragments ſhould frame a body of that colour. So 
that this is without diſpute the cauſe why bodiesare of 
this or the other colour, that the particles of which 
they are compoſed are of different fizes. Which is 
farther confirmed by the analogy between the colours 
of thin plates, and the colours of many bodies. For 
example, theſe plates do not look of the ſame colour 
when viewed obliquely, as when ſeen direct; for if the 
rings and colours between a convex and plane glaſs are 
viewed firſt in a direct manner, and then at different 


degrees of obliquity, the rings will be obſerved to dilate 


themſelves more and more as the obliquity is increaſed . 
which ſhews that the tranſparent ſubſtance between the 


_ glaſſes does not exhibit the ſame colour at the ſame 


thickneſs in all ſituations of the eye: juſt ſo the colours 


in the very ſame part of a peacock's tail change, as 
the tail changes poſture in reſpect of the ſight. Alſo 


the colours of ſilks, cloths, and other ſubſtances, which 
water or oy] can intimately penetrate, become faint 
and dull by the bodies being wet with ſuch fluids, and 


recover their brightneſs again when dry; juſt as it 


was before ſaid that plates of Muſcovy glaſs grew faint 
and dim by wetting. To this may be added, that 


the colours which painters uſe will be a little changed 


by . being ground very elaborately, without queſtion by 
the diminution of their parts. All which particulars, 


and many more that might be extracted from our au- 


thor, F abundant proof of ber ef pole: I ſhall 
only ſubjoin one more: theſe tranſparent plates tranſmir 
through them all the light they do not reflect; ſo that 


when looked through they exhibit thoſe colours, which 


reſult from the depriving white light of the colour re- 
iced. This may commodiouſly be tried by the glaſ- 
+ Obfery, 7, 

: - ſes 


ſes ſo often mentioned; which if looked through exhi- 
bit coloured rings as by reflected light, but in a con- 
trary order; for the middle ſpot, which in the other 
view appears black for want of reflected light, now 
looks perfectly white, oppoſite to the blue circle; next 
without this ſpot the light appears tinged with a yel- 
lowiſh red; where the white circle appeared before, 
it now ſeems dark; and ſo of the reſt *®® Now in the 


fame manner, . the light. tranſmitted through foliated 


gold into a darkened room appears greeniſh. by the loſs 
of the yellow light, which gold reflects. 

14. HENCE it follows, that the colours of bodies 
give a very probable ground for making conjecture 
concerning the magnitude of their conſtituent particles ?. 
My reaſon for calling it a conjecture is, its being dif- 


ficult to fix certainly the order of any colour. The 


green of vegetables our author judges to be of the third 
order, partly becauſe of the intenſeneſs of their colour; 
and partly from the changes they fuffer when they wi- 
ther, turning at firſt into a greeniſh or more perfect 
yellow, and afterwards ſome of them into an orange 


or red; which changes ſeem to be effected from their 


tinging particles growing denſer by the exhalation of 
their moiſture, and perhaps augmented likewiſe by the 
accretion of the earthy and oily parts of that moiſture. 
How the mentioned colours ſhould ariſe from increa- 


ſing the bulk of thoſe particles, is evident; ſeeing - 


thoſe colours lie without the ring of green between 
the glaſſes, and are therefore formed where the tranſ- 
parent ſubſtance which reflects them is thicker. And 
that the augmentation of the denſity of the colorific 


particles will conſpire to the production of the fame. 


effect, will be evident; if we remember what was ſaid 
of the different fize of the rings, when air was inclu- 
ded between the. glaſſes, . from their ſize when water 


was between them; which ſhewe that a ſubſtance of 


» obſerv. 9. r wid. prop. 7. 
⁊ greater 
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eater denſity than another gives the ſame colour at 
eſs thickneſs. Now the changes likely to be wrought 
in the denſity or magnitude of the parts of vegetables 
by withering ſeem not greater, than are ſufficient to 


2 
a 


change their colour into thoſe of the ſame order; but 
the yellow and red of the fourth order are not full 


enough to agree with thoſe, into which theſe ſubſtan. 
ces change, nor is the green of the ſecond ſufficiently 
good to be the colour of vegetables; ſo that their co- 
lour muſt of neceſſity be of the third order. | 

_ IF. TAE blue colour of ſyrup of violets our author 
ſuppoſes to be of the third order; for acids, as vinegar, 
with this ſyrup change it red, and ſalt of tartar or o- 
ther alcalies mixed therewith turn it green. But if the 
blue colour of the ſyrup were of the ſecond order, 
the red colour, which acids by attenuating us parts give 
it, mult be of the firſt order, and the green given it 
by alcalies by incraſſating its particles ſhould be of the 
ſecond; whereas neither of thoſe colours is perfect e- 
nough, eſpecially the green, to anſwer thoſe produced 


by theſe changes; but the red may well enough be 


allowed to be of the ſecond order, and the green of 


the third; in which caſe the blue muſt be.likewiſe of 


the third order. . | 
- 16. THE azure colour of the skies our author takes 
to be of the firſt order, which requires the ſmalleſt 
particles of any colour, and therefore moſt like to be 
exhibited by vapours, before they have ſufficiently co- 
aleſc:d to produce clouds of other colours. | 
17. THE moſt intenſe and luminous white is of the 
firſt order, if lefs ſtrong it is a mixture of the colours 
of all the orders. Of the latter fort he rakes the co- 


Jour of linnen, paper, and ſuch like ſubſtances to be; 


but white metals to be of the former fort. The argu- 


ments for it are theſe. The opacity of all bodies has 
been ſhewn to ariſe from the number and ſtrength of 
the reflections made within them; but all experiments 
ſhew, that the ſtrongeſt reflection is made at _ 
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faces, which intercede tranſparent bodies differing moſt 
in denſity. Among other inſtances of this, the expe- 


riments before us afford one; for when air only is in- 


cluded between the glaſſes, the coloured rings are not 
only more dilated, as has before been ſaid, than when 
water is between them; but are likewiſe much more 


luminous and bright. It follows therefore, that what- 


ever medium pervades the pores of bodies, if fo be 
there is any, thoſe ſubſtances muſt be moſt opake, the: 
denfity of whoſe parts differs moſt from the denſity 
of the medium, which fills their pores. But it has 
been ſufficiently proved in the former part of this tract, 
that there is no very denſe medium lodging in, at leaſt 
pervading at liberty the pores of bodies. And it is 
farther proved by the preſent experiments. For when 
air is incloſed by the denſer fubſtance of glaſs, the rings 
dilate themſelves, as has been ſaid, by being viewed 
obliquely ; this they do fo very much, that at different 

obliquities the ſame thickneſs of air will exhibit all ſorts 
of colours. The bubble of water, though ſurrounded 


with the thinner ſubſtance of air, does likewiſe change 


its colour by being viewed obliquely ;. but not any ching 


near ſo much, as in the other caſe; for in that the 


ſame colour might be ſeen, when the rings were view- 


ed moſt obliquely, at more than twelve times the 


thickneſs it appeared at under a direct view; whereas 
in this other caſe the thickneſs was never found conſi- 
derably above half as much again. Now the colours 
of bodies not depending only on the light, that is in- 
_ cident upon them perpendicularly, but likewiſe upon 
that, which falls on them in all degrees of obliquity; 
if the medium ſurrounding their particles were den- 


ſer than thoſe particles, all ſorts of colours muſt of ne- 


ceſſity be refſected from them ſo copiouſly, as would: 
make the colours of all bodies white, or grey, or at 
beſt very dilute and imperfect. But an the other hand, 
if the medium in the pores of bodies be much rarer 
chan their particles, the _ reflected will be ſo little 


changed: 
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changed by the obliquity of the rays, that the colour W_ . 
produced by the rays, which fall near the perpendicu- i 
har, may ſo much abound: in the reflected light, as to + 
give the body their colour with little allay. To this . 
may be added, that when the difference of the conti - gr 
guous tranſparent ſubſtances is the ſame, a colour re. 
flected from the denſer ſubſtance reduced into a thin plate 5 
and ſurrounded by the rarer will be more brisk, than rh 
the ſame colour will be, when reflected from a thin 1 
plate formed of the rarer ſubſtance, and ſurrounded by by 
the denſer; as our author experienced by blowing 1 
glaſs very thin at a lamp furnace, which exhibited in 3 
the open air more vivid colours, than the air does be- he 
tween two glaſſes. From theſe conſiderations it is ma- int 
nifeſt, that if all other circumſtances are alike, the den- 5 
ſeſt bodies will be moſt opake. But it was obſerved ter 
before, that theſe white metals can hardly be made ſo ſu 
thin, except by being diſſolved in corroding liquers, hh: 
as to be rendred tranſparent; though none of them ſol 
are ſo denſe as gold, which proves their great opacity po 
to have'ſome other cauſe beſides their denſity z and ge 
none is more fit ts produce this, than ſuch a ſize of big 
their particles, as qualifies them to reflect the white of ane 
the firſt order. 5 un 
18. For producing black the particles ought to be m. 
ſmaller than for exhibiting any of the colours, viz. ofa lid 
fize anſwering to the thickneſs of the bubble, where the 
by reflecting little or no light it appears colourleſs ; but en! 
yer they muſt not be too ſmall, for that will make dir 
them tranſparent through deficiency of reflections in wi 
the inward parts of the body, ſufficient to ſtop the the 
light from going through it; but they muſt be of a ma 
ſize bordering upon that diſpcſed to reflect the faint W hy 
blue of the firſt order, which affords an evident reaſon the 
why blacks uſually partake a little of that colour. We ma 


ſee too, why bodies diſſolved by fire or putrefaction nit 
turn black: and why in grinding glaſſes upon copper | 
plates the duſt of the glaſs, copper, and fand it is 3 

RS « Se wWioith, 
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with, become very black: and in the laſt place why 
theſe black ſubſtances communicate ſo eaſily to others 


their hue; which is, that their particles by reaſon of 


the great minuteneſs of them eaſily overſpread the 
groſſer particles ot others. - | 
19. I SHALL now finiſh this chapter with one re- 
mark of the exceeding great poroſity in bodies neceſſa- 
rily required in all that has here been ſaid; which, 
when duly conſidered, muſt appear m ſurprizing 3 
bur perhaps it will be matter of greater ſurprize, when 
I affirm that the ſagacity of our author has-diſcovered 
a method, by which bodies may eaſily become ſo; nay 
how any the leaſt portion of matter may be wrought 


into a body of any aſſigned dimenſions how great ſo e- 


ver, and yet the pores of that body none of them grea- 
ter, than any the ſmalleſt magnitude propoſed atplea- 


ſure; notwithſtanding which the parts of the body 


ſhall ſo touch, that the body itſelf ſhall be hard and 
ſolid . The manner is this: ſuppoſe the body be com- 
pounded of particles of ſuch figures, that when laid to- 
gether the pores found between them may be equal in 
bigneſs ro the particles; how this may be effected, 


and yet the body be hard and ſolid, is not difficult to 


underſtand; and the pores of ſuch a body may be 
made of any propoſed degree of ſmallneſs. But the ſo- 
lid matter of a body ſo framed will take up only half 
the ſpace occupied by the body; and if each conſtitu- 
ent particle be compoſed of other leſs particles accor- 
ding to the ſame rule, the ſolid parts of ſuch a body 
will be but a fourth part of its bulk; if every one of 
thele leſſer particles again be compounded in the ſame 
manner, the ſolid parts of the whole body ſhall be 
bur one eighth of irs bulk; and thus by continuing 
the compoſition the folid parts of the body may be 


made to bear as ſmall a proportion to the whole mag- 
© nitude of the body, as ſhall be defired, notwithſtanding 


a Opt. pag. 243, 3 
„„ the 


292 Sir ISAAC NEWTON's Book III. 


the body will be by the contiguity of its parts capable 
of being in any degree hard. Which ſhews that this 
whole globe of earth, nay all the known bodies in 
the univerſe together, as far as we know, may be com- 
pounded of no greater a portion of ſolid matter, than 


might be reduced *ato a globe of one inch only in di- 


ameter, or even leſs. We ſee therefore how by this 
means bodies may eaſily be made rare enough to tranſ- 
mit light, with all that freedom pellucid bodies are 
found to do. Though what is the real ſtructure of 
bodies we yet know not. 4 


_ CHAP. HL 


Of the REFRACTION, RE- 
FLECTION, and INFLEC- 
RON LIGHT : 


THUS much of the colours of natural bodies; 
our method now leads us to ſpeculations yet 
greater, no leſs than to lay open the cauſes of all that 
has hitherto been related. For it muſt in this chap- 
ter be explained, how the priſm ſeparates the colours 
of the ſun's light, as we found in the firſt chapter ; and 
why the thin tranſparent plates diſcourſed of in the 
laſt chapter, and conſequently the particles of coloured 
bodies, reflect that diverſity of colours only by being 
of different thickneſſes. ” 


2. For the firſt it is proved by our author, that 


the colours of the ſun's light are manifeſted by the 


priſm, from the rays undergoing different degrees of 
refraction; that the violet- making rays, which go to 
the upper part of the coloured image in the firſt ex- 
periment ot the firſt chapter, are the moſt refracted; 
that the indigo- making rays are refracted, or turned 

, ; : E- 3 our 
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out of their courſe by paſſing through the priſm, ſome- 
thing leſs than the violet making rays, but more than 
the blue- making rays; and the blue- making rays more 
than the green; the green - making rays more than the 
yellow; the yellow more than the orange; and the o- 
range - making rays more than the red- making, which 
are leaſt of all refracted. The firſt proof of this, that 


rays of different colours are refracted unequally is this. 


If you take any body, and paint one half of it red and 
the other half blue, then upon viewing it through a 
| priſm thoſe two parts ſhall appear ſeparated from each 

other; which can be cauſed no otherwile than by the 
_ priſms refracting the light of one half more than the 


light of the other half. But the blue half will be moſt 
refracted; for if the body be ſeen through the priſm in 


ſuch a ſituation, that the body ſhal) appear lifted up- 


wards by the refraction, as a body within a baſon of 


water, in the experiment mentioned in the firſt chap- 


ter, appeared to be lifted up by the refraction of the 


water, ſo as to be ſeen at a greater diſtance than when 
the baſon is empty, then ſhall rhe blue part appear 
higher than the red; bur if the refraction of the priſm 


be the contrary way, the blue part ſhall be depreſſed 


more than the other. Again, after laying fine threads 


| of black ſilk acroſs each of the colours, and the body 


well inlightened, if the rays coming from it be recei- 
ved upon a convex glaſs, ſo that it may by refracting 
the rays caſt rhe image of the body upon a piece of 
white paper held beyond the glaſs ; then it will be ſeen 
that the black threads upon the red part of the image, 
and thoſe upon the blue part, do not at the ſame time 
appear diſtinctly in the image of the body projected 
by the glaſs; but if the paper be held ſo, that the 
threads on the blue part may diſtinctly appear, the 
threads cannot be ſeen diſtinct upon the red part; but 
the paper muſt be drawn farther off from the convex 
glaſs to make the threads on this part viſible; and 
when the diſtance is great enough for the threads " 
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be ſeen in this red part, they become indiſtinct in the 
other. Whence it appears that the rays proceeding 
from each point of the blue part of the body are ſoon- 
er united again by the convex glaſs than the rays 
which come from each point of the red parts. But 
both theſe experiments prove that the blue-making rays, 
as well in the ſmall refraction of the convex glaſs, 2 
in the greater refraction of the priſm, are more bent, 
than the red- making rays. | 
3. Tuls ſeems already to explain the reaſon of the 
coloured ſpectrum made by refracting the ſun's light 
with a priſm; though our author proceeds to examine 
that in particular, and proves that the different colour- 
ed rays in that ſpectrum are in different degrees re- 
fracted; by ſhewing how to place the priſm in ſuch 
a poſture, that if all the rays were refracted in the 
fame manner, the ſpectrum ſhould of neceſſity be round: 
whereas in that caſe if the angle made by the two ſur- 
faces of the priſm, through which the light paſſes, 
that is the angle DFE in fig. 126, be about 63 or 
64 degrees, the image inſtead of being round ſhall be 
near five times as long as broad; a difference enough 
to ſhew a great inequality in the refractions of the rays, 
which go to the oppoſite extremities of the image. To 
leave no ſcruple unremoved, our author is yery parti- 
cular in ſhewing by a great number of experiments, 
that this inequality of refraction is not caſual, and that 
it does not depend upon any irregularities of the glaſs; 
no nor that the rays are in their paſſage through the 
priſm each ſplit and divided; but on the contrary that 
every ray of the ſun has its own peculiar degree of re- 
fraction proper to it, according to which it is more 
or leſs retracted in paſſing through pellucid ſubſtances 
always in the fame manner*®. That the rays are not 
ſplit and multiplied by the retraction of the priſm, the 
third of the experiments related in our firſt chapter 
ſhews very clearly; for if they were, and the length 
Newt. Opt. B. I. part. 1. prop. 1. b Ibid, prop. 2. 


of 


of the ſpectrum in the firſt refraction were thereby 


occaſioned, the breadth: ſhould be no leſs dilated by 


the croſs refraction of the ſecond priſm z whereas the 
breadth is not at all increaſed, but the image is only 


thrown into an. oblique. poſture by the upper part of 


the rays which were at firſt more refracted than the 
under part, being again turned fartheſt out of their 


courſe. But the experiment moſt expreſly adapted to 
prove this regular diverſity of refraction is this, which 
follows?. Two boards AB, CD (in fig. 130.) being 


erected in a darkened room at a proper diſtance, one 


of them AB being near the window-ſhutter EF, a 
ſpace only being left for the priſm GH to be pla- 
ced between them; ſo that the rays entring at the 


hole M of the window - ſhutter may after paſſing thro' 


the priſm be trajected through a ſmaller hole K made 


in the board A B, and paſſing on from thence go out 


at another hole L made in the board CD of the ſame 
ſize as the hole K, and ſmall enough to tranſmit the 
rays of one: colour only at a time; let another priſm N OP 

be placed after the board C D to receive the rays paſſing 
through the holes K and L, and after refraction by that 
priſm, let thoſe rays fall upon the white ſurface QR. 
Suppoſe firſt the violet light to paſs through the holes, and 


to be refracted by the priſm NOP to 5, which if the 
pow NOP were removed ſhould have paſled right onto 
V. If the priſm G HI be turned flowly about, while 


the boards and priſm NO remain fixed, in a little time 
another colour will fall upon the hole L, which, if 


the priſm NO were taken away, would proceed 


like the former rays to the ſame point W; but the 
refraction of the priſm NO ſhall not carry theſe 
rays to , but to ſome place leſs diſtant from W as to 


7. Suppoſe now the rays which go to F to be the 


{ Indigo-making rays. It is manifeſt that the boards A 
| B, CD, and priſm N OP. remaining immoveable, both 
the yiolet-making and indigo-making rays are in- 
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cident alike upon the priſm N OP, for they are equal 
ly inclined te its furface OP, and enter ir in the ſame 
part of that ſurface ; which ſhews that the indigo- 
making rays are leſs diverted out of their courfe by the 
refraction of rhe priſm, than the violet-making rays 
under an exaCt parity of all circumſtances. Farther, 
if the priſm GH be more turned about, till the 
blue-making rays paſs through the hole L, theſe ſhall 
fall upon the ſurface QR below t, as at v, and there- 
fore are ſubjected to a leſs refraction than the indigo- 


making rays. And thus by. proceeding it will be found 


that the green-making rays are. leſs refracted than the 
blue-making rays, and ſo of the reſt, according to the 
order in which they lie in the coloured ſpe&trum. 
4. Tuis diſpoſition of the different coloured rays 
to be refrated ſome more than others our author calls 


their reſpective degrees of refrangibility. And ſince 


this difference of refrangibility diſcovers itfelf to be ſo 
regular, the next ſtep is to find the rule it obſerves. 
5. Ir is a common principle in optics, that the ſine 
of the angle of incidence bears to the ſine of the re- 
fracted angle a given proportion. If AB (in fig. 131, 
132) repreſent the ſurface of any. refracting ſubſtance, 
ſuppoſe of water or glaſs, and C D a ray of light inci- 
dent _ that ſurface in the point D, let DE be the 
ray, after it has paſſed the ſurface AB; if the ray pals 
out of the air into the ſubſtance whoſe ſurface is AB 
(as in fig. 131) it ſhall be turned from the ſurface, and 


if it, paſs out of that ſubſtance into air it ſhall be bent 


towards it (as in fig. 132). But if FG be drawn 
through the point D perpendicular to the ſurface A 
B, the angle under CDF made by the incident ray 
and this perpendicular is called the angle of incidence; 
and the angle under E D G, made by this perpendi- 
cular and the ray after refraction, is called the refrac- 
ted angle. And if the circle HF 1G be deſcribed with 
any interval cutting CD in H and DE in I, then 
the perpendiculars H K, IL being let fall upon ny * 
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le of incidence, and IL the ſine of the angle un- 
der ED G the refracted angle. The firſt of theſe ſines 


is called the fine of the angle of incidence, or more 


briefly the ſine of incidence, the latter is the fine of 
the refracted angle, or the fine of refraction. And it 
has been found by numerous experiments that whate- 


ſine of refraftion I L in any one caſe, the ſame propor- 


tween theſe ſines will remain unalterably the fame in 
the ſame refracting ſubſtance, whatever be the magni- 
tude of the angle under C DF. 
| | 6. Bur new becauſe optical writers did not obſerve 
| that every beam of white light was divided by refrac- 
tion, as has been here explained, this rule collected by 


them can only be underſtood in the groſs of the whole 


beam after refraction, and not ſo much of any parti- 


cular part of it, or at moſt only of the middle part of 
the beam. Ir therefore was incumbent upon our au- 
 & thor to find by what hw the rays were parted from 


each other; whether each ray apart obtained this pro- 
perty, and that the ſeparation was made by the pro- 
Dortion between the ſines of incidence and refiachion 
being in each ſpecies of rays different; or whether the 


by a certain experiment that each ray has its fine of 
be ſo upon condition only that bodies refra& the light 
by acting upon it, in a direction perpendicular to the 
of rays always in an equal degree at the ſame diftan- 
5 „ 


: 7. OvR great author teaches in the next place 
how from the refraction of the moſt refrangible and 


I Opt. page 67, 68, G . 
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HK is called the fine of the angle under CDF the 


ver proportion the fine of incidence H K bears to the 


tion ſhall hold in all caſes; that is, the proportion be- 


light was divided by ſome other rule. But he proves 
incidence proportional to its ſine of refraction; and 
farther ſhews by mathematical reaſoning, that it muſt 


ſurface of the refracting body, and upon the fame ſort 


leaſt 
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leaſt refrangible rays to find the refraction of all the 
intermediate ones: The method is, this: if the ſine 
of incidence be to the ſine of refraction in the leaſt re- 
frangible rays as A to BC, (in fig. 133) and to the ſine 
of refraction in the moſt refrangible as A to BD; if 


CE, be taken equal to C D, and then ED be ſo di- 
vided in F, G, H, I, K, L, that ED, EF, E G, EH, 


EI, EK, EL, E'C, ſhall be proportional to the eight 


lengths of muſical chords, which ſound the notes in 


an octave, ED being the length of the key, E F the 


length of the tone above that key, E G the length of 
the leſſer third, E H of the fourth, E I of the fifth, 
EK of the greater ſixth, EL. of the ſeventh, and E 
C of the octave above that key; that is, if the lines 
ED, EF 4 E G, E H, E 15 E. K, EL, and E. C bear the 


ſame proportion as the number 8 Is 35 85 45 37 45 87 27 re- 
ſpectively then ſhall. B D, BF, be the two limits of 


the ſines of refraction of the violet- making rays, that 


is the violet - making rays ſhall not all of them have pre- 
ciſely the ſame ſine of reſractien, but none of them 
ſhall have a greater fine than BD, nor a leſs than 3 


F, though there are violet - making rays; which anſwer 
to any ſine of refraction that can be taken between 


theſe two. In the ſame manner B F and B G are the 
limits of the ſines of refraction of the indigo- making 
rays; B G, BH are the limits belonging to the blue- 
making rays; BH, BI the limits pertaining to the 
green - making rays, BI, B K the limits for the yel- 


 low-making rays; B K, B L the limits for the orange; 


making rays; and. laſtly, BL and BC the extreme li- 
mits of the ſines of refraction belonging to the red- 
making rays. Theſe are the proportions by which 
the heterogeneous rays of light are ſeparated from each 


other in refraction. | 8 
8. Wren light paſſes out of glaſs into air, our au- 


thor found A to B C as yo to 77, and the ſame A to 


20 pt. B. I. par. 2. prop. 3. 
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BD as 50 to 78. And when it goes out of any other 


refracting ſubſtance into air, the excels of the ſine of 
refraction of any one ſpecies of rays above its fine of 
incidence bears a conſtant proportion, which holds the 
ſame in each ſpecies, to the excels of the fine of refrac- 
tion of the ſame ſort of rays above the fine of incidence 
into the air out of glaſs ; provided the fines of incidence 
both in glaſs and the other ſubſtance are equal. This 
our author verified by tranſmitting the light through 
priſms of glaſs included within a priſmatic veſſel of wa- 
ter; and draws from thoſe experiments the following 
obſervations : that whenever the lighr in paſſing through 
ſo many ſurfaces parting diverſe tranſparent ſubſtances is 
by contrary refractions made to emerge into the air in 
a direction parallel to that of its incidence, it will ap- 
pear afterwards white at any diſtance from the priſms, 
where you ſhall pleaſe to examine it; but if the direc- 
tion of its emergence be oblique to its incidence, in re- 
ceding from the place of emergence its edges ſhall ap- 
pear tinged with colours: which proves that in the firſt 
caſe there is no inequality in the refractions of each 


| pers of rays, but that when any one ſpecies is ſo re- 


fracted as to emerge parallel to the incident rays, every 
fort of rays after refraction ſhall likewiſe be parallel to 
the ſame incident rays, and to each other; whereas on 
the contrary, if the rays of any one ſort. are oblique to 
the incident light, the ſęveral ſpecies ſhall be oblique to 
each other, and be gradually ſeparated by that obliqui- 
ty. From hence he deduces both the forementioned 
theorem, and alſo this other; that in each fort of rays 
the proportion of the fine of incidence to the ſine of 
refraction, in the paſſage of the ray out of any refracting 
ſubſtance into another, is compounded of the propor- 
tion to which the ſine of incidence would have to the 
ſine of refraction in che paſſage of that ray out of the 
firſt ſubſtance into any third, and of the proportion 
which the ſine of incidence would have to the ſine of 
refraction in the paſſage of the ray out of that = 
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ſubſtance into the ſecond. From ſo ſimple and plain an 
experiment has our moſt judicious author deduced theſe 


important theorems, by which we may learn how ve- 


ry exact and circumſpe&t he has been in this whole 
work of his optics ; that notwithſtanding his great par- 
ticularity in explaining his doctrine, and the numerous 
collection of experiments he has made to clear up eve- 
ry doubt which could ariſe, yet at the fame time he 


has uſed the greateſt caution to make out every ching 


by the ſimpleſt and cafieſt means poſſible. 

9. OvuR author adds but one remark more upon re- 
fraction, which is, that if refraction be performed in 
the manner he has ſuppoſed from the light's being preſ- 
ſed by the refracting power perpendicularly toward the 


ſurface of the refracting body, and conſequently be 
made to move ſwifter in the body than before its inci- 


dence z whether this power act equally at all diſtances 


or otherwiſe, provided only its power in the fame bo- 


dy at the ſame diſtances remain without variation the 
fame in one inclination of the incident rays as well as 


another; he obſerves that the refracting powers in dif- 
ferent bodies will be in the duplicate proportion of the 


rangents of the leaſt angles, which the refracted light 


can make with the ſurfaces of the refracting bodies 


This obſervation may be explained thus. When the 
light paſſes into any refracting ſubſtance, it has been 


| thewn above that the ſine of incidence bears a conſtant 
proportion to the ſine of refraction. Suppoſe the light 


to paſs to the refracting body AB CD (in fig. 134) 
in the line E F, and to fall upon it at the point F, and 
then to proceed within the body in the line FG. Let 
HIT be drawn through F perpendicular to the ſurface 


AB, and any circle K L M N be deſcribed to the cen- 


ter F. Then from the points O and P where this cir- 
cle cuts the incident and refracted ray, the perpendicu- 
lars OQ, PR being drawn, the proportion of OQ 
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uities, in which the ſame ray of light can fall on the 
urface AB. Now OQ is leſs than F L the ſemidia- 


meter of the circle K L MN, but the more the ray 


EF is inclined down toward the ſurface A B, the 


greater will O Q be, and will approach nearer to the 
magnitude of FL. But the proportion of OQ to 


PR remaining always the fame, when O Q is largeſt, 


PR will alſo be greateſt ; ſo that the more the inci- 


dent ray E F is inclined toward the ſurface A B, the 
more the ray F G after refraction will be inclined to- 


ward the ſame. Now if the line FS T be fo drawn, 
that S V being perpendicular to F I ſhall be to FL 
the ſemidiameter of the circle in the conſtant propor- 
tion of PR to O; then the angle under NF T is 
that which I meant by the leaſt of all that can be made 


by the refracted ray with this ſurface, for the ray after 


refraction would proceed in this line, if it were to come 


to the point F lying on the very ſurface AB; for if the 
incident ray came to the point F in any line between 
AF and FH, the ray after refraction would proceed 


forward in ſome line between FT and FI. Here if 
NW bedrawn perpendicular to F N, this line N 
in the circle KL MN is called the tangent of the an- 


fle under NFS. Thus much being premiſed, the 
enſe of the forementioned propoſition is this. Let there 

be two refracting ſubſtances (in fig. 135.) AB CD, and 
EFG H. Take a point, as I, in the ſurface A B, and 
to the center I with any ſemidiameter deſcribe the cir- 


cle KLM. In like manner on the ſurface EF take 
ſome point N, as a center, and deſcribe with the ſame | 


ſemidiameter the circle OPQ. Let the angle under 


BIR be the leaſt which the refracted light can make 


with the ſurface AB, and the angle under FN the 
leaſt which the refracted light can make with the ſurface 


EF. Then if LT be drawn perpendicular to AB, 


and PV perpendicular to EF; the whole power, 


wherewith the ſubſtance AB CD acts on the light, 


will 


to PR will remain the ſame in all the different obli- | 
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will bear to the whole power where with the ſubſtance 


EF GH acts on the light, a proportion, which is. du- 


plicate of the proportion, which LT bears to PV. 


10. Up oN comparing according to this rule the 
refractive powers of a great many bodies it is found, 
that unctuous bodies which abound moſt with ſulphu- 
reous parts refract the light two or three times more 
in proportion to their denſity than others: but that 
thoſe bodies, which ſeem to receive in their compoſi- 
tion like proportions of ſulphureous parts, have their 
refractive powers proportional to their denſities; as ap- 
pears beyond contradiction by comparing the refractive 
power of ſo rare a ſubſtance as the air with that of 
common glaſs or rock cryſtal, though theſe ſubſtances 
are 2000 times denſer than air; nay the ſame propor- 


tion is found to hold without ſenſible difference in com- 


paring air with pſeudo-topaz and glaſs of antimony, 
though the pſeudo-topaz be 3500 times denſer than air, 
and glaſs of antimony no leſs than 4400 times denſer. 


This power in other ſubſtances, as falrs, common wa- 
ter, ſpirit of wine, &c. ſeems to bear a greater propor- 


tion to their denſities than theſe laſt named, according 
as they abound with ſulphurs more than theſe ; which 
makes our author conclude it probable, that bodies act 


upon the light chiefly, 'if nor altogether, by means of 


the ſulphurs in them; which kind of ſubſtances it is like- 
ly enters in ſome degree the compoſition of all bodies. 
Of all the ſubſtances examined by our author, none has 


ſo great a reſractive power, in reſpect of its denſity, as 


a diamond. „ 3 
11. Oun author finiſhes theſe remarks, and all he 


offers relating to refraction, with obſerving, that the 
action between light and bodies is mutual, ſince ſulphu- 


reous bodies, which are moſt readily ſet on fire by the 
ſun's light, when collected upon them with a burning 
glaſs, act more upon light in refracting it, than other 
bodies of the ſame denſity do. And farther, that the den- 
tett bodies, which have been now ſhewn to act moſt 

| | | | upon 
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upon light, contract the greateſt heat by being expoſed 
to the ſummer ſun. , . | 
12. HAvIN S thus diſpatched what relates to refrac- 
tion, we muſt addreſs our ſelves to diſcourſe of the o- 
ther operation of bodies upon light in reflecting it. 
When light paſſes through a ſurface, which divides 
two tranſparent bodies differing in denſity, part of 
it only is tranſmitted , another part being reflected. 
And if the light paſs out of the denſer body into the 


rarer, by being much inclined tothe foreſaid ſurface at 


length no part of it ſhall paſs through, bur be totally 
reflected. Now that part of the light, which ſuffers 
the greateſt refraction, ſhall be wholly reflectd with a 
leſs obliquity of the rays, than the parts of the light 
which undergo a leis degree of retraction ; as is evident 


from the laſt experiment recited in the firſt chapter 


where, as the priſms DEF, G HI, (in fig. 129.) were 
turned about, the violet light was firſt totally reflected, 
and then the blue, next to that the green, and ſo of 
the reſt. In conſequence of which our author lays down 
this propoſition ; that the ſun's light differs in reflexi- 
bility, thoſe rays being moſt reflexible, which are moſt 
refrangible. And colleQs from this, in conjunction with 
other arguments, that the refraction and reflection of 
light are produced by the fame cauſe, compaſſing thoſe 


different effects only by the difference of circumſtances 


with which it is attended. Another proof of this being 
taken by our author from what he has diſcovered of 
the paſſage of light through thin tranſparent plates, viz. 
that any particular ſpecies of light, ſuppoſe, for in- 
ſtance, the red-making rays, will enter and paſs out of 
ſuch a plate, if that plate be of ſome certain thickneſſes ; 

but if it be of other thickneſſes, it will not break through 
it, but be reflected back : in which is ſeen, that the 


thickneſs of the plate determines whether the power, by 


which that plate acts upon the light, ſhall reflect it, or 


luffer it to paſs through. 


13. Bur 
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13. Bur this laſt mentioned ſurpriſing property of 
the action between light and bodies affords the reaſon 
of all that has been ſaid in the preceding chapter con- 
cerning the colours of natural bodies; and muſt there. 
fore more particularly be illuſtrated and explained, as 
being what will principally unfold the nature of the acti- 


on of bodies upon light. 


14. To begin: The object glass of a long teleſcope 
being laid upon a plane glaſs, as propoſed in the fore- 


going chapter, in open day- light there will be exhibit 


ed rings of various colours, as was there related; but 


if in a darkened room the coloured ſpectrum be form- 
ed by the priſm, as in the firſt experiment of the firſt 


chapter, and the glaſſes be illuminated by a reflection 


from the ſpectrum, the rings ſhall not in this caſe exhi- 


bit the diverſity of colours before deſcribed, but appear 
all of the colour of the light which falls upon the glaſ- 
ſes, having dark rings between. Which ſhews that the 
thin plate of air between the glaſſes at ſome thickneſ- 


ſes reflects the incident light, at other places does not 


reflect it, but is found in thoſe places to give the light 
paſſage ; for by holding the glaſſes in the light a 
it 2 from the priſm to the ſpectrum, ſuppoſe at ſuch 
a diſtance from the priſm that the ſeveral ſorts of light 
muſt be ſufficiently ſeparated from each other, when 
any particular ſort of light falls on the glaſſes, you will 


find by holding a piece of white paper at a fmall di- 
ſtance beyond the glaſſes, that at thoſe intervals, where 


the dark rings appeared upon the glaſſes, the light is ſo 
tranſmitted, as to paint upon the paper rings of light 


having that colour which falls upon the glaſſes. This 
experiment therefore opens to us this very ſtrange pro- 
5 perty of reflection, that in theſe thin plates it ſhould 


r {uch a relation to the thickneſs of the plate, as is 
here ſhewn. Farther, by carefully meaſuring the diame- 
ters of each ring it is found, that whereas the glaſſes 
touch where the dark ſpot appears in the center of the 
rings made by reflection, where the air is of * 
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light in paſſing through theſe thin plates at ſome thick- 
bs X neſſes 


thickneſs at which the light of the firſt ring is reflec- 


ted, there the light by being again tranſmitted makes 
the firſt dark ring; where the plate has three times 


that thickneſs which exhibits the firſt lucid ring, it a- 


gain reflects the light forming the ſecond lucid ring 3 


when the thicknels is four times the firſt, the light is a- 
gain tranſmitted ſo as to make the ſecond dark ring 


where the air is five times the firſt thickneſs, the third 
lucid ring is made; where it has ſix times the thick- 


_ neſs, the third dark ring appears, and fo on: in ſo much 
that the thickneſſes, at which the light is reflected, are 
in proportion to the numbers 1, 3, 5, 7, 9, &c. and 
the thickneſſes, where the light is tranſmitted, are in 
the proportion of the numbers o, 2, 4, 6, 8, &c. And 


theſe proportions between the thickneſſes which reflect 


and tranſmit the light remain the ſame in all ſituations 
of the eye, as well when the rings are viewed oblique- 
ly, as when looked on perpendicularly. We muſt far- 


ther here obſerve, that the light, when it is reflected, 


as well as when it is tranſmitted, enters the thin plate, 
and is reflected from its farther ſurface; becauſe, as was 


before remarked, the altering the tranſparent body be- 
hind the farther ſurface alters the degree of reflection 


as when a thin piece of Muſcovy glaſs has its farther ſur- 
face wet with water, and the colour of the glaſs made 
dimmer by being ſo wer; which ſhews that the light 


reaches to the water, otherwiſe its reflection could not 


be influenced by it. Bur yet this reflection depends up- 


on ſome power propagated from the firſt ſurface to the 
ſecond; for though made at the ſecond ſurface it de- 
pends alſo upon the firſt, becauſe it depends upon the 
diſtance between the ſurfaces; and beſides, the body 
through which the light paſſes to the firſt ſurface in- 
fluences the reflection: for in a plate of Muſcovy glaſs, 
wetting the ſurface, which firſt receives the light, di- 
miniſhes the reflection, though not quite ſo much as 
werting the farther ſurface will do. Since therefore the 
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nieſſes is reflected, bur at others tranſmitted without re- 
flection, it is evident, that this reflection is cauſed by 
ſome power propagated from the firſt ſurface, which 
intermits and returns ſucceſſively. Thus is every ray a- 
part diſpoſed to alternate reflections and tranſmiſſions at 
equal intervals; the ſucceſſive returns of which diſpoſi- 
tion our author calls the fits of eaſy reflection, and of 
eaſy tranſmiſſion. But theſe fits, which obſerve the ſame 
law of returning ar equal intervals, whether the plate 
are viewed perpendicularly or obliquely, in different ſi- 
tuations of the eye change their magnitude. For what. 
was obſerved before in reſpect of thoſe rings, which 
appear in open day-light, holds likewiſe in rheſe rin 
exhibited by ſimple lights; namely, that theſe two al- 
ter in bigneſs according to the different angle under 
which they are ſeen: and our author lays down a rule 
whereby to determine the thickneſſes of the plate of 
air, which ſhall exhibit the ſame colour under different 
oblique views. And the thickneſs of the aereal plate, 
which in different-inclinations of the rays will exhibir to 
the eye in open day- light the ſame colour, is alſo varied 
by the ſame rule . He contrived farther a method of 
comparing in the bubble of water the proportion be- 
tween the thickneſs of its coat, which exhibited any co- 
lour when ſeen perpendicularly, to the thickneſs of it, 
where the ſame colour appeared by an oblique view; and 
he found the ſame rule to obtain here likewiſe ©, But 
farcher, if the glaſſes be enlighrened ſucceſſively by all the 
ſeveral ſpecies of light, the rings will appear of different 
magnitudes; in the red light they will be larger than in 
the orange colour, in that larger than in the yellow, in 
the yellow larger than in the green, leſs in the blue, cf 
yet in the indigo, and leaſt of all in the violet: which 
ſhews that the tame thickneſs of the aereal plate is not fit- 
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| ted to reflect all colours, but that one colour is reflected 
| Where another would have e and as 


| the rays which are moſt ſtrongly refracted form the 
leaſt rings, a rule is laid down by our author for deter- 
= mining the relation, which the degree of refraction of 
each ſpecies of colour has to the thickneſſes of the plate | 


; where it 1s reflected. | ; 20h | 
if. FROM theſe obſervations our author ſhews the 
; reaſon of that great variety of colours, which appears 

in theſe thin plates in the open white light of the day. 

t. For when this white light falls on the plate, each part 

*% of the light forms rings of its own colour; and the 

5 rings of the different colours not being of the ſame big- 

q nels are variouſly intermixed, and form a great variety 

r of ine ” i OE. 

5 16. IN certain experiments, which our author made 

f with thick glaſſes, he found, that theſe fits of eaſy re- 

t flection and tranſmiſſion returned for ſome thouſands of h 
, times, and thereby farther confirmed his reaſoning con- 
0 cerning them ®. | Df dg | 
Fl 17. Upon the whole, our great author concludes 
f from ſome of the experiments made by him, that the 
I reaſon why all tranſparent bodies refract part of the light 
a incident upon them, and reflect another part, is, be- 
i cauſe ſome of the light, when it comes to the ſurface | 
d of the body, is in a fit of eaſy tranſmiſſion, and ſome 
t part of it in a fit of eaſy reflection; and from the du- 1 
0 rableneſs of theſe fits he thinks it probable, that the light 5 
t is put into theſe fits from their firſt emiſſion out of the 

1 luminous body; and that theſe fits continue to return 

n at equal intervals without end, unleſs thoſe intervals be 

5 changed by the light's entring into ſome refracting ſub- 

h 


change which is made.of the intervals of the fits of ca- 
ſy tranſmiſſion and reflection, when the light paſſes cut 


2 


ſtance ©. He likewiſe has taught how to determine the | 
| 


a Opt. B. II. par. 2, pag. 199, &Cc. | e Ibid. part 3. prop. 13. 
: _ _ *>-# Ibid; Par. 4 „ a | ; 
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of one tranſparent ſpace or ſubſtance into another. His 
rule is, that when the light paſſes perpendicularly to 
the ſurface, which parts any two tranſparent ſubſtan- 


ces, theſe intervals in the ſubſtance, out of which the 


light paſſes, bear to the intervals in the ſubſtance, where- 
into the light enters, the ſame proportion, as the fine 
of incidence bears to the fine of refraftion *. Ir is farther 


to be obſerved, that though the fits of eaſy reflection 
return at conſtant intervals, yet the reflecting power ne- 


ver operates, but at or near a ſurface where the light 


would ſuffer refraction; and if the thickneſs of any 


tranſparent body ſhall be leſs than the intervals of the 
fits, thoſe intervals ſhall ſcarce be diſturbed by ſuch a 
body, but the light ſhall paſs through without any re- 
flection b. . 

18. Wu Ar the power in nature is, whereby this 
action between light and bodies is cauſed, our author 


has not diſcovered. But the effects, which he has diſ- 


covered, of this power are very ſurpriſing, and altoge- 


ther wide from any conjectures that had ever been fra- 


med concerning it; and from theſe diſcoveries of his no 
doubt this power is to he deduced, if we ever can come 
to the knowledge of it. Sir Is AA NRW TON has 
in general hinted at his opinion concerning it; that 


probably it is owing to ſome very ſubtle and elaſtic ſub- 
{tance diffuſed through the univerſe, in which ſuch vi- 


brations may be excited by the rays of light, as they 
paſs thro” it, that ſhall occaſion it to operate ſo different- 
ly upon the light in different places as to give riſe to 
theſe alternate fits of reflection and tranſmiſſion, of 
which we have now been ſpeaking *. He is of opinion, 
that ſuch a ſubſtance may produce this, and other ef- 
feets alſo in nature, though it be fo rare as not to give 
any ſenſible reſiſtance to bodies in motion *: and 


* Opt. B. II. prop. + ER | e Opt. Qu. 18, &c, 
| Þ Ibid, prop. 13. d See Concl. S. 2, 
| | | there- 
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therefore not inconſiſtent with what has been ſaid a- 
bove, that the planets move in ſpaces free from reſiſt- 
| ance *. | 

19. IN order for the more full diſcovery of this acti- 
on between light and bodies, our author began another 
ſet of experiments, wherein he found the light to be 
acted on as it paſſes near the edges of ſolid bodies; in 


particular all ſmall bodies, ſuch as the hairs of a man's 


head or the like, held in a very ſmall beam of the ſun's 
light, caſt extremely broad ſnadows. And in one of 
theſe experiments the ſnadow was 35 times the breadth 
of the body *. Theſc ſhadows are alſo obſerved to be 
bordered with colours *. This our author calls the inflec- 
tion of light; but as he informs us, that he was inter- 
rupted from proſecuting theſe experiments to any length, 
I need not detain my readers with a more particular ac- 
count of them. | 


2B, IL Ch. 1. b Opt, B. III. Obſ. 1. © Ibid, Obſ. 2. 
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Of OPTIC GLASSES. 


IR Isaac NEwron having deduced from his 
doctrine of light and colours a ſurpriſing improve- 


ment of teleſcopes, of which I intend here to give an 


account, I ſhall firſt premiſe ſomething in general con- 
cerning thoſe inſtruments. 

2. Ir will be underſtood from what has been ſaid 
above, that when light falls upon the ſurface of glaſs 
obliquely, after its entrance into the glaſs it is more in- 
clined to the line drawn through the point af inci- 
dence perpendicular to that ſurface, than before. Sup- 
pole a ray of light iſſuing from the point A (in fig. 
136) falls on a piece of glaſs BCD E, whoſe _ 
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BC, whereon the ray falls, is of a ſpherical or globu- 
lar figure, the center whereof is F. Let the ray pro- 
cced in the line A G falling on the ſurface B C in 
the point G, and draw F GH. Here the ray after 
its entrance into the glaſs will paſs on in ſome line, as 
GI, more inclined toward the line FG H than the 
line A'G is inclined thereto ; for the line FG H is per- 
pendicular to the ſurface BC in the point G. By this 
means, if a number of rays proceeding from any one 
r fall on a convex ſpherical ſurface of glaſs, they ſhall 
e inflected (as is repreſented in fig. 137, fo as to be 
gathered pretty cloſe together about the line drawn 
through the center of the glaſs from the point, whence 
the rays proceed; which line henceforward we ſhall ; 
call the axis of the glaſs; or the point from whence 
the rays proceed may be ſo near the glaſs, that the rays 
{hall after entring the glaſs ſtill go on to ſpread them- 
ſelves, but not ſo much as before; fo that if the rays 
were to be continued backward (as in fig. 138, ) they 
ſhould gather together about the axis at a place more 
remote from the glaſs, than the point is, whence they 
actually proceed. In theſe and the following figures A 
denotes the point to which the rays are related before 
refraction, B the point to which they are directed at- 
terwards, and C the center of the refracting ſurface, 
Here we may obſerve, that it is poſſible to form the 
Flac of ſuch a figure, that all the rays which proceed 
rom one point ſhall after refraction be reduced again 
exactly into one point on the axis of the glaſs. But in 
glaſſes of a ſpherical form though this does not hap- 
pen; yet the rays, which fall within a moderate di- 
ſtance from the axis, will unite extremely near toge- 
ther. If the light fall on a concave ſpherical ſurface, 
after refraction it ſhall ſpread quicker than before (as in 
fig. 139,) unleſs the rays proceed from a op between 


the center and the ſurface of the glaſs, If we ſuppoſe 


the rays of light, which fall upon the glaſs, not to 
proceed from any poim, but to move ſo as to tend all „ 
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to ſome point in the axis of the glaſs beyond the ſur- 
face; if the glaſs have a convex ſurface, the rays ſhall 
unite about the axis ſooner, than otherwiſe they would 
do (as in fig. 140,) unleſs the point to which they ten- 
ded was between the ſurface and the center of that 
ſurface. Bur if the ſurface be concave, they ſhall nor 
meer 5 ſoon: nay perhaps diverge. (See fig. 141 and 
3. FARTHER, becauſe the light in paſſing out of 
5; Slab into the air is turned by the refraction farther off 
om the line drawn through the point of incidence 
erpendicular to the refracting ſurface, than it was be- 
fore; the light which ſpreads. from a point ſhall by 
x paſſing through a convex ſurface of glaſs into the air be 
made either to ſpread leſs than before (as in fig. 143, ) 
or to gather about the axis beyond the glals (as in fig. 
144.) But if che rays of light were proceeding to a 
point in the axis of the glaſs, they ſhould by the re- 
fraction be made to unite ſooner about that axis (as in 
fig. 145.) If the ſurface of the glaſs be concave, rays 
which proceed from a point ſhall be made to ſpread fa- 
ſter (as in fig. 146,) but rays which are tending to a point 
in the axis of the glaſs, ſhall be made to gather about 
the axis farther from the glaſs (as in fig. 147) or even 
to diverge (as in fig. 148,) unleſs the point, to which 
the rays are directed, lies between the ſurface of the 
glaſs and its center. : | | 8 
4. TRE rays, which ſpread themſelves from a point, 
are called diverging; and ſuch as move toward a point, 
are called con verging rays. And the point in the axis. 
of the glaſs, about which the rays: gather after refrac- 
tion, is called the focus of thoſe rays. - = 
F. Ir a glaſs be formed of two convex ſpherical 
ſurfaces (as in fig. 149,) where the glals AB is for- 
med of the ſurfaces ACB and A DB, the line drawn 
through the centers of the two ſurfaces, as the line 
EF, is called the axis of the glaſs; and rays, which 
diverge from any point of this axis, by the refraction: 


of 
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of the glaſs will be cauſed to converge toward ſome 
part of the axis, or at leaſt to diverge as from a point 
more remote from the glaſs, than that from whence 
they proceeded; for the two ſurfaces both conſpire 
to produce this effect upon the rays. But converging 
rays will be cauſed by ſuch a glaſs as this to converge 
ſooner, If a glaſs be formed of two concave ſurfaces, 
as the glaſs AB (in fig. 1570,) the line C D drawn 
through the centers, to which the two ſurfaces are 
formed, is called the axis of the glaſs. Such a glaſs 
ſhall cauſe diverging rays, which proceed from any 
point in the axis of the glaſs, to diverge much more 
as if they came from ſome place in the axis of the glaſs 
nearer to it than the point, whence the rays atually 
proceed. But converging rays will be made either to 
converge leſs, or even to diverge. 5 5 
6. In theſe glaſſes rays, which proceed from any 
point near the axis, will be affected as it were in the 
fame manner, as if rhey proceeded from the very axis it 
ſelf, and ſuch as converge toward a point at a ſmall 
_ diſtance from the axis will ſuffer much the ſame ef- 
fects from the glaſs, as if they converged to ſome point 
in the very axis. By this means any luminous body 
expoſed to a convex glaſs may have an image formed 
upon any white body held beyond the glaſs. This 
may be eaſily tried with a common ſpectacle-glaſs. For 
if ſuch a glaſs be held between a candle and a piece 
of white paper, if the diſtances - of the candle, glaſs, 
and paper be properly adjuſted, the image of the can- 
dle will appear very diſtinctly upon the paper, but be 
ſeen inverted; the reaſon whereof is this. Let AB 
(in fig. 151) be the glaſs, CD an object placed croſs 
the axis of the glaſs. Let the rays of light, which 
iſſue from the point E, where the axis of the glaſs croſ- 
ſes the object, be fo refracted by the glaſs, as to meet 
again about the point F. The rays, which diverge 
from the point C of the object, ſhall meet again almoſt 
at the ſame diſtance from the glaſs, but on the * 
i s 5 8 a 3 
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fide of the axis, as at G; for the rays at the glaſs croſs 
the axis. In like manner the rays, which proceed from 
the point D, will meet about H on the other fide of 
the axis. None of theſe rays, neither thoſe which 
proceed from the point E in the axis, nor thoſe which 
iſſue from C or D, will meet again exactly in one 
point; but yet in one place, as is here ſuppoſed at F, 


SG, and H, they will be crouded ſo cloſe together, as 


to make a diſtin&t image of the object upon any bo- 
dy proper to reflect it, which ſhall be held there. 
7. Ir the object be too near the glaſs for the rays 
to converge after the refraction, the rays ſhall iſſue out 
of the glals, as if they diverged from a point more di- 
ſtant from the glaſs, than that from whence they real- 
ly proceed (as in ag. 172) where the rays coming 
from the point E of the object, which lies on the axis 
of the glaſs A B, iſſue out of the glaſs, as if they came 
from the point F more remote from the glaſs than E; 
and the rays proceeding from the point C iſſue out of 
the glaſs, as if they proceeded from the point G; 
likewiſe the rays which iſſue from the point D emerge 
out of the glaſs, as if they came from the point H. 
Here the point G is on the ſame ſide of the axis, as 
the point C; and the point on the ſame ſide, as the 
point D. In this caſe to an eye placed beyond the 
glaſs the object ſhould appear, as if it were in the ſitu- 
ation GF .,, | | 

8. Ir the glaſs AB had been concave (as in fig. 
1573, ) to an eye beyond the glaſs the object C D would 
appear in the ſituation G H, nearer to the glaſs than 
really it is. Here alſo the object will not be inverted 
but the point G is on the ſame fide the axe with the 

point C, and H on the ſame ſide as D. 
9. HENCE may be underſtood, why ſpectacles 
made with convex glaſſes help the fight in old age: 
for the eye in that age becomes unfit to ſee objects di- 
ſtinctly, except ſuch as are remov'd to a very great di- 
ſtance; whence all men, when they firſt ſtand in 9 
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of ſpectacles, are obſerved to read at arm's length, and 


the eye and the black ſpot, which is called the fight 


to hold the object at a greater diſtance, than they uſed 
to do before. But when an object is removed at too 
great a diſtance from the ſight, it cannot be ſeen clear- 
ys by reaſon that a leſs quantity of light from the ob- 
ject will enter the eye, and the whole object will alſo 
appear ſmaller. Now by help of a convex glaſs. an 
object may be held near, and yet the rays of light iſ- 
fuing from it will enter the eye, as if the obje& were 
— v TL PR | 


_ 10: AFTER the ſame manner concave glaſſes aſſiſt 
fucb, as are ſhort ſighted. - For theſe require the ob- 
ject to be br 1 5 inconveniently near to the eye, in 


order to their ſeeing it diſtinctly; but by ſuch a glaſs 


the object may be removed to a proper diſtance, and 


yet the rays of light enter the eye, as if they came 


from a place much nearer. 


' 17. Wu Exc E theſe defects of the ſight ariſe, that 


in old age objects cannot be ſeen diſtin& within a mo- 


derate diſtance, and in ſhort-ſightedneſs not without. 
being brought too near, will be eaſily underſtood, 
when the manner of viſion in general ſhall be ex- 
plain'd ; which I ſhall now endeavour to do, in order 


form'd; as is repreſented in fig. 154. It is of a glo- 


bular figure, the fore part whereof ſcarce more pro- 


tuberant than the reſt is tranſparent. Underneath this 


tranſparent part is a ſmall collection of an humour in 
appearance like water, and it has alſo the ſame refrac- 
tive power as common water; this is called the aque- 
ous humour, and fills the ſpace AB CD in the figure. 


Next beyond lies the body D EFG; this is folid but 


tranſparent, 'it is compoſed. with rwo convex ſurfaces, 
the hinder ſurface E F G being more convex, than the 
anterior E D G. Between the outer membrane ABC, 
and this body ED GF is placed that membrane, which 
exhibits the colours, that are ſeen round the ſight of 


Or 


» ”Y 
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or pupil, is a hole in this membrane, through which 
the light enters, whereby we ſee. This membrane is 


fixed only by its outward circuit, and has a muſcular 
power, whereby it dilates the pupil in-a weak light, 
and contracts it in a ſtrong one. The body DEF G 
is called the cryſtalline humour, and has a greater re- 
frecting power than water. Behind this the bulk of 
the eye is filled up with what is called the vitreous 

humour, this has much the ſame refractive power with 
water. At the bottom of the eye toward the inner 
ſide next the noſe the optic nerve enters, as at H, and 
ſpreads it ſelf all over the inſide of the eye, till with- 
in a ſmall diſtance from A and C. Now any object, 
as I K, being placed before the eye, the rays of light 
iſſuing from each point of this object are ſo refracted 


by the convex ſurface of the aqueous humour, as to 


be cauſed to converge; after this being received by the 
convex ſurface E D G of the cryſtalline humour, which 
bas a greater refraftive power than the aqueous, the 
rays, when they are entered into this - ſurface, till 
more converge, and at going out of the ſurface EFG 
into a humour of a leſs refractive power than the cry- 
ſtalline they are made to converge yet farther. By all 
theſe ſuceeſſive xefractions they are brought to converge 


at the: bottom of the eye, ſo that a diſtin& image of 


the object as I, M is impreſs'd on the nerve. And by 


this means the object is ſeen. 


. It. Ir has been made a difficulty, that the image 


of the object impreſſed on the nerve is inverted, fo 
that the upper part of the image is impreſſed on the 
lower part of the eye. But this difficulty, I think, can 
no longer remain, if we only conſider, that upper and 
lower are terms merely relative to the ordinary poſiti- 


on of our bodies: and our bodies, when view'd by the 


eye, have their image as much inyerted as other ob- 
jects; ſo that the image of our own bodies, and of o- 
ther objects, are impreſſed on the eye in the ſame re- 
lation xo one another, as they really have. 7 11 
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12. TA eye can ſee objects equally diſtinct at ve- 
ry diflerent diſtances, but in one diſtance only at the 

me time. That the eye may accommodate itſelf to 
different diſtances, ſome: change in its humours is re- 
quir'd. It is my opinion, that this change is made in 


the figure of the chryſtalline humour, as J have endea- 


voured to prove in another place. Pl 
13. Ir any of the humours of the eye are too flat, 


| they will refract the light too little; which is the caſe 


in old age. If they are too convex, they refract too 
much; as in thoſe who are ſhort-ſighted. 


14. Tye manner of direct viſion being thus ex- 


plained, I proceed to give ſome account of teleſcopes, 
by which we view more diſtinctly remote objects; and 
alſo of microſcopes, whereby we magnify the appear- 
ance of ſmall objects. In the firſt place, the with ſim- 


ple ſort of teleſcope is compoſed of two glaſſes, either 


both convex, or one convex, and the other concave. 


(The firſt ſort of theſe is repreſented in fig. 155, the 


latter in fig. 176.) 
15. IN fig. 155 let AB repreſent the convex glaſs 
next the object, C D the other glaſs more convex near 


the eye. Suppoſe the object-glaſs AB to form the 


image of the object at EF; fo that if a ſheet of white 
paper were to be held in this place, the object would 
appear. Now ſuppoſe the rays, which paſs the glaſs 


A, and are united about F, to proceed to the eye 
glaſs CD, and be there refracted. Three only of theſe 


rays are drawn in the figure, thoſe which paſs by the 


- extremities of the glaſs AB, and that which paſſes its 
middle. If the glaſs CD be placed at ſuch a diſtance 
from the image E F, that the rays, which paſs by the 


point F, after having proceeded through the glaſs di- 


verge ſo much, as the rays do that come from an ob- 
ject, which is at ſuch a diſtance from the eye as to 


ſeen diſtinctly, theſe being received by the eye will 
make on the bottom of the eye a diſtinct repreſentati- 
on of the point F. In like manner the rays, * 
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paſs through the object glaſs AB to the point E after 


proceeding through the eye-glals CD will on the bot- 


tom of the eye make a diſtinct repreſentation of the 
point E. But if the eye be placed where theſe rays, 
which proceed from E, croſs thoſe, which proceed 
from F, the eye will receive the diſtinct impreſſion of 
both theſe points at the ſame time; and conſequently 


will alſo receive a diſtin& impreſſion from all the inter- 


mediate parts of the image E F, that is, the eye will 
| ſee the object, to which the teleſcope is directed, di- 
ſtinctly. The place of the eye is about the point G, 


where the rays HE, HF croſs, which paſs thro' the 


middle of the object-glaſs AB to the points E and F; 
or at the place where the focus would be formed by 
rays coming from the point , and refracted by the 
glaſs CD. To judge how much this inſtrument mag- 
nifies any object, we muſt firſt obſerve, that the an- 
gle under EHF, in which the eye at the point H 
would ſee the image EF, is nearly the ſame as the an- 

le, under which the . apyons by direct viſion g 
but when the eye is in G, views the object thro” 


the teleſcope, it ſees the ſame under a greater angle; 


for the rays, which coming from E and F croſs in G, 


make a greater angle than the rays, which proceed from 
the point H to theſe points E and F. 'The angle at G 
is greater than that at H in the proportion, as the di- 


ſtance between the glaſſes AB and CD is greater than 


the diſtance of the point G from the glaſs CD. 
16. THis teleſcope inverts the object; for the rays, 
which come from the right-hand ade of the object, 
go to the point E the left ſide of the image; and the 
rays, which come from the left ſide of the object, go 
to F the right ſide of the image. Theſe rays croſs 


— again in G, ſo that the rays, which come from the 


right fide of the object, go to the right fide of the 
eye; and the rays from the left fide of the obje& go 
to the left fide of the eye. Therefore in this Fe 
the image in the eye has the ſame ſituation as the ob- 

| 3 
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ject; and ſeeing that in direct viſion the image in the 


eye has an inverted ſituation, here, where the ſituation 


is not inverted, the object muſt appear ſo. This is no 


inconvenience to aſtronomers. in celeſtial obſervations; 
but for objects here on the earth it is uſual to add two 
other convex glaſſes, which may turn the object again 
(as is repreſented in fig. 15, ) or elſe to uſe the other 
kind of teleſcope with a concave eye-glaſs. 


* 


17. IN this other kind of teleſcope the effect is found- 
ed on the ſame principles, as in the former. The di- 


ſtinctneſs of the appearance is procured in the ſame 
manner. But here the eye-glaſs CD (in fig. 156) is 


placed between the image E F, and the object-glaſs 


AB. By this means the rays, which come from the 
right-hand ſide of the object, and proceed toward E 
the left fide of the image, being intercepred by the 


eye-glaſs are carried to the left fide of the eye; and 
the rays, which come from the left ſide of the ob- 
ject, go to the right {ide of the eye; ſo that the im- 


preſſion in the eye being inverted the object appears 
in the ſame ſituation, as when view'd by the na- 
ked eye. The eye muſt here be placed cloſe to the 
glaſs. The degree of magnifying in this inſtrument 
is thus to be found. Let the rays, which paſs thro' 
the glaſs AB at , after the refraction of the eye- 


glaſs CD diverge, as if they came from the point G; 


then the rays, which come from the extremities of 
the object, enter the eye under the angle at G; ſo that 
here alſo the object will be magnified in the proporti- 
on of the diſtance between the glaſſes, to the diſtance 
of G from the eye-gla, 0 
188. THE ſpace, that can be taken in at one view 
in this 1717; rn tap on the breadth of. the pupil 
of the eye; for as the rays, which go to the points 
E,; F of the image, are ſomething diſtant. from each 
other, when they come out of the gla CD, if they 
are wider aſunder than the pupil, it is evident, that they 
cannot both enter the eye at once. In the other te- 
1 leſcope 
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leſcope the eye is placed in the point G, where the 
Tays that come from rhe points E or F croſs each 
other, and therefore muſt enter the eye together. On 

this account the teleſcope with convex glaſſes takes in 

a larger view, than thoſe with concave. Bur in theſe 
alſo the extent of the view is limited, becauſe the eye- 
glas does not by the refraction towards its edges form ſo 
diſtinct a repreſentation of the object, as near the middle. 

' 19. MicRoscoPEs are of two forts. One kind 
is only a very convex glaſs, by the means of which 
the object may be brought very near the eye, and yet 

be ſeen diſtinctly. This microſcope magnifies in pro- 
portion, as the object by being brought near the eye 
vill form a broader impreſſion on the optic nerve. The 
other kind made with convex glaſſes produces its ef- 
fects in the ſame manner as the teleſcope. Let the 
object AB (in fig. 158) be placed under the glaſs C D, 

and by this glaſs let an image be formed of this object 

Above this image let the glaſs G H be placed. By 


this glaſs let the rays, which proceed. from the points 


A and B, be refracted, as is expreſſed in the figure. 1 
In particular, let the rays, which from each of theſe 1 


points paſs through the middle of the glas CD, croſs — | 
in I, and there let the eye be placed. Here the ob | |” 


jec will appear larger, when ſeen through the micro- Wi 
ſcope, than if that inſtrument were removed, in pro- 1 
portion as the angle, in which theſe rays. crols in I, 


is greater than the angle, which the lines would make, 
that ſhould be drawn from I to A and B; that is, in 4 
the proportion made up of the proportion of the di- 4 
ſtance of the object AB from I, to the diſtance of Lfrom Wi 
the glaſs G H; and of the proportion of the diſtance | | 
between the glaſſes, to the diſtance of the object AB 
JJC | 


20. I ſhall now proceed to explain the imperfection | 

in theſe inſtruments, occaſioned by the different re- 4 
frangibility of the light which comes from every ob- 

ject. This prevents the image of the object from be- 


* 
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7 ing formed in the focus of the obje&-glals with per- 


| 
| 
j | 


hs the glaſs of the point, in which the leaſt refrangible 


diſtinctneſs; fo that if the eye · glas magnify the 
image overmuch, the imperfections of it muſt be viſi- 
ble, and make the whole appear confuſed. Our au- 
thor more fully to ſatisfy himſelf, that the different re- 


frangibility of the ſeveral ſorts of rays is ſufficient to 


produce this irregularity, underwent the labour of a 


'very nice and difficult experiment, whoſe proceſs he 
has ar large ſet down, to prove, that the rays of light 
are refracted as differently in the ſmall refraction of te- 


leſcope glaſſes as in the larger of the priſm ; ſo ex- 


cCeeding careful has he been in ſearching out the true 


cauſe of this effect. And he uſed, I ſuppoſe, the greater 
caution, becauſe another reaſon had before been gene- 


rally aſſigned for it. It was the opinion of all mathe- 


maticians, that this defect in teleſcopes aroſe from the 
figure, in Which the glaſſes were formed; a ſpherical 


relracting ſurface not collecting into an exact point all 
the. qays which come from any one point of an object, 


as has before been ſaid *. But after our author has pro- 
ved, that in theſe ſmall refractions, as well as in great- 
er, the fine of incidence into air out of glaſs, to the 
fine of refraction in the red- making rays, is as fo to 


78, and in the blue- making rays 50 to 78; he proceeds 


to w ee the inequalities of refraction ariſing from 
this different refrangibility of the rays, with the ine- 


qualities, which would follow from the figure of the 
glaſs, were light uniformly refracted. For this pur- 


poſe he obſerves, that if rays iſſuing from a point ſo 
remote from the object-glaſs of a teleſcope, as to be e- 
ſeemed parallel, which is the caſe of the rays, which 
come from the heavenly bodies; then the diſtance from 


rays are united, will be to the diſtance, at which the 


| moſt refrangible rays unite, as 28 to 27; and there- 


fore that the leaſt ſpace, into which all the rays can 
be collected, will not be leſs than the 55th part of the 
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breadth of the glaſs. For if AB (in fig. 159) be the 
glaſs, CD its axis, EA, FB two rays of the light 
parallel to that axis entring the glaſs near its edges; 
after refraction ler the leaſt refrangible part of theſe 
rays meet in G, the moſt refrangible in H; then, as 
has been faid, GI will be to IH, as 28 to 27; that 
is, GH will be the 28th part of GI, and the 27th 
part of HI; whence if K L be drawn through G, and 
MN through HH, perpendicular to C D, MN will 
be the 28ch part of A B, the breadth of the glaſs, and 

KL the 27th part of the ſame; fo that OP the leaft 
ſpace, into which the rays are gathered, will be about 
half the mean between theſe two, that is the yyth 

part of AB. „%% 8 e 

220. Tris is the error ariſing from the different re- 
frangibility of the rays of light, which our author finds 
vaſtly to exceed the other, conſequent upon the figure 
of the glaſs. In particular, if the telelcope be about 

| 100 feet long, and the glaſs be flat on one fide, and 
convex on the other; when the flat fide is turned to- 
wards the object, by a theorem, which he has laid 
down, the error from the figure comes out above ooo 
times leſs than the other. This other inequality is ſo 
great, that teleſcopes could not perform ſo well as "a 
they do, were it not that the light does not equally fill all 75 
the ſpace O P, over which it is ſcattered, but is much © | 
more denſe toward the middle of that ſpace than at 61 
the extremities. And beſides, all the kinds of rays af- 1 
fect not the ſenſe equally ſtrong, the yellow and orange M 
being the ſtrongeſt, the red and green next to them, : 
the blue indigo and violet being much darker and faint- = jj 
er colours; and it is ſhewn that all the yellow and o- il 
range, and three fifths of the brighter half of the red 
next the orange, and as great a ſhare of the brighter 
half of the green next the yellow, will be collected 
into a ſpace whoſe breadth is not above rhe 2foth - 
part of the breadrh of the glaſs. And the remaining 
colours, which fall without this ſpace, as they are 
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much more dull and obſcure than theſe, ſo will they 
be likewiſe much more diffuſed ; and therefore can hard- 
ly affect the ſenſe in compariſon of the other. And 
agreeable to this is the obſervation of aſtronomers, that 
teleſcopes between twenty and ſixty feet in length re- 
preſent the fixed ſtars, as being about 5 or 6, at moſt 
about 8 or ten ſeconds in diameter. Whercas other 
arguments ſhew us, that they do not really appear to 
us of any ſenſible magnitude any otherwiſe than as 
their light is dilated by refraction. One proof that 


the fixed ftars do not appear to us under any ſen- 
fible angle is, that when the moon paſſes over any of 


them, their light does not, like the planets on the 
fame occaſion, diſappear by degrees, but vaniſhes at 
once. . 5 5775 een 7 PER eyes gf 3. Þ _ 
Ee. Ov R author being thus convinced, that tele» | 


ſcopes were not capable of being brought to much 


greater perfection than at preſent, by refractions, contri- 


ved one by reflection, in which there is no ſeparation 


made of the different coloured light; for in every kind 
bf light the rays after reflection have the ſame. degree 

of inclination to the ſurface, from whence they are 
reflected, as they have at their incidence, ſo that thoſe 
rays which come to the ſurface in one line, will go off 
ulſo in one line without any parting from one another. 
Accordingly in the attempt he ſueceeded fo well, that 


aà ſhort one, not much exceeding fix inches in length, 


equalled an ordinary teleſcope 'whoſe length was four 
feet. Inſtrumenxs of this kind to — lengths, have 
of late been made, which fully 2 [wer expectatien - 
eden. 
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of che RAINBOW. 


SHALL now explain the rainbow. The man- 
ver of its production was underſtood, in the ge- 


neral, before Sir Is AA e N EWTON had diſcovered 


his theory of colours; but what cauſed the diverſity 
of colours in it could not then be known, which o- 
bliges him to explain this appearance particularly; whom 
we ſhall imitate as follows. The firſt perſon, who 
expreſsly ſhewed the rainbow to be formed by the re- 


flection of the ſun-beams from drops of falling rain, | 


Was ANTONIO DE DOMuINISs. But this was af- 
terwards more fully and diſtinctly explained by Ds 
CARTES.* © „ . 
- 2. THERE appears molt frequently two rainbows 


both of which are cauſed by. the foreſaid reflection of 
the ſun-beams from the drops of falling rain, but are not 


produced by all the light which falls upon and are res 
flected from the drops. The inner bow is produced by 
thoſe rays only which enter the drop, and at their en- 


trance are ſo refracted as to unite into a point, as it vor | 


upon the. farther ſurface of the drop, as is repreſent 
in fig. 160; where the contiguous rays ab, cd, ef, 


coming from the ſun, and therefore to ſenſe parallel, upon. 
their entrance into the drop in the points b, d, f, are ſo re- 


fracted as to meet together in the point g, upon the far- 


ther ſurface of the drop. Now theſe rays being reflec- 


ted nearly from the ſame point of the ſurface, the angle 
of incidence of each ray upon the point g being equal 
to the angle of reflection, the rays will return in the 
lines g h, g &, g1, in the ſame manner inclined to each 
other, as they were before their incidence upon the 


point g, and will make the ſame angles with the ſurface 


\ 
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of the drop at the points &, &, I, as at the points , d, f, 
after their entrance; and therefore after their emer- 
rue out of the drop each ray will be inclined to the 
urface in the ſame angle, as when it firſt entered it; 
whence the lines hm, & n, lo, in which the rays emerge, 
mult be parallel to each other, as well as the lines à b, 
cd, e f, in which they were incident. But theſe emerg- 
ing rays being parallel will not ſpread nor diverge from 


each other in their paſſage from the drop, and there- 


fore will enter the eye conveniently ſituated in ſufficient. 
plenty to cauſe a ſenſation. Whereas all the other rays, 


whether thoſe nearer the center of the drop, as p 9, 


15, or thoſe farther off, as t a, w x, will be reflected 
from other points in the hinder ſurface of the drop; 
namely, the ray p q from the point , 7s from z, 7 v 
from «, and w x from g. And for this reaſon by their 


reflection and ſucceeding refraction they will be ſcatter- 


ed after their emergence from the forementioned rays 
and from each other, and therefore cannot enter the eye 
placed to receive them copious enough to excite any 
diſtinct ſenſation. OZ | 


3. THe external rainbow is formed by two reflecti- 


ons made between the incidence and emergence of the 
rays z for it is to be noted, that the rays gh, g ł, g h at 


the points 5, &, I, do not wholly paſs out of the drop, 


but are in part reflected back; though the ſecond re- 
flection of theſe particular rays does not form the outer 
bow. For this bow is made by thoſe rays, which at- 
ter their entrance into the drop are by the refraction of 


| it united, before they arrive at the farther ſurface, at 
ſuch a diſtance from it, that when they fall upon that 


ſurface, they may be reflected in parallel lines, as is re- 
preſented in fig. 161; where the rays ab, cd, ef, are 
collected by the refraction of the drop into the point g, 


and paſſing on from thence ſtrike upon the ſurface of 


the drop in the points , &, 1, and are thence reflected 
to m, u, o, paſting from h to m, from & to n, and from 
to o in parallel lines. For thele rays after reflection at 


_ 
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m, u, o will meet again in the point p, at the fame di- 
ſtance from theſe points of reflection m, u, o, as the 
point g is from the former points of reflection h, &, I. 
Therefore theſe rays in paſſing from p to the ſurface of 
the drop will fall upon that — in the points 4, 7, 5 
in the ſame angles, as theſe rays made with the ſurface in 
b, d, f,' after refraction. Conſequently, when theſe rays 
emerge out of the drop into the air, each ray will make 
_ with the ſurface of the drop the ſame angle, as it made 
at its firſt incidence; fo that the lines , rv, sw, in 
which they come from the drop, will be parallel to each 
other, as well as the lines ab, c d, e 1 in which they 
came to the drop. By this means theſe rays to a ſpecl a- 
tor commodiouſly ſituated will become viſible. But all 
the other rays, as well thoſe nearer the center of the 
drop x Y, 2 a, as thoſe more remote from it g 5, #6, 
will be reflected in lines not parallel to the lines h m, 
kn, Jo; namely, the ray x , in the line g , the ray 


' Ze« in the line 0, the ray 6 5 in the line a , and the 


ray J in the line „F. Whence theſe rays after their 
next reflection and ſubſequent refraction will be ſcat- 
tered from the forementioned rays, and from one ano- 
ther, and by that means become inviſible. 5 
4. Ir is farther to be remarked, that if in the firſt 
caſe the incident rays a b, c d, ef, and their correſpon- 
dent emergent rays b m, kn, Io, are produced till they 
meet, they will make with each other a greater angle, 
than any other incident ray will make with its correſ- 
ponding emergent ray. And in the latter caſe, on 
the contrary, the emergent rays , 7 v, S make with 
the incident rays an acuter angle, than is made by any 
other of the emergent rays.” es 
F. Ovx author delivers a method of _— each of 
theſe extream angles from the degree of refraction be- 


ing given; by which method it appears, that the firſt 
of theſe angles is the leſs, and the latter the greater, by 
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only ſhall come to the eye from the drop E. And in 
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how much the refractive power of the drop, or the re- 
frangibility of the rays is greater. And this laſt conſide- 
ration fully compleats the doctrine of the rainbow, and 


ſhews, why the colours of each bow are ranged in the 
aa they are n. 
6. Sur rosk A (in fig. 162.) to be the eye, B, C, D, 


E, F, drops of rain, Mn, Op, Qr, 8, V parcels 
of rays of the ſun, which entring the drops B, C, D, 


E, F aſter one reflection paſs out to the eye in A. Now 
let M be produced to » till it meets with the emergent 
ray likewiſe produced, let O p produced meet its emergent 
ray produced in x, - let Qr meet its emergent ray in a, 


let Sr meet its emergent ray in , and let V meet its 


emergent ray produced in . If the angle under M A 


be that, which is derived from the refraction of the 


violet- making rays by the method we have here ſpoken 


of, it follows that the violet light will only enter the 


eye from the drop B, all the other coloured rays paſ- 


ſing below it, that is, all thoſe rays which are not 


ſcattered, but go out parallel ſo as to cauſe a ſenſation. 
For the angle, whieh theſe parallel emergent rays makes 


with the incident in the moſt refrangible or violet ma- 


king rays, being leſs than this angle in any. other ſort 


of rays, none of the rays which emerge parallel, except 
the violet- making, will enter the eye under the angle 
Ms A, but the reſt making with the incident ray M » 


a greater angle than this will paſs below: the eye. In 
like manner if the angle under Ox A agrees to the blue- 


making rays, the · blue rays only ſhall enter the eye from 


the drop C, and all the other coloured rays will paſs 


by the eye, the violet- coloured rays paſſing above, the 
other colours below. Farther, the angle QA A corre- 
ſponding to the green- making rays, thoſe only ſhall en- 


ter the eye from the drop D, the violet and; blue · ma- 


king rays paſſing above, and the other-colburs; that is 


the yellow and red, below. And if the angle S n A an- 
ſwers to the refraction of the yellow - making rays, they 


the 
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the laſt place, if the angle V- A belongs to the red- 
making and leaft refrangible rays, they only ſhall enter 


the eye from the drop F, all the other coloured rays 
paſſing above. 


7. Bur now it is evident, that all the drops of wa- 
ter found in any of the lines A, Ax, Aa, Aw, Av, 
whether farther from the eye, or nearer than the drops 
B, C, D, E, F, will give the ſame colours as theſe do, 


all the drops upon each line giving the ſame colour; ſo 
that the light reflected from a number of theſe drops 
will become copious enough to be viſible; whereas the 


reflection from one minute drop alone could not be per- 


ceived. But beſides, it is farther manifeſt, that if the 
hne A E be drawn from the ſun through the eye, that 


is, parallel to the lines Mu, Op, Qr, St, V, and 


if drops of water are placed all round this line, the ſame 
colour will be exhibited by all the drops at the ſame 


diſtance from this line. Hence it follows, that when 


the ſun is moderately elevated above the horizon, if it 


rains oppoſite to it, and the ſun ſhines upon the drops 


as they fall, a ſpectator with his back turned to the ſun 
muſt obſerve a coloured circular arch reaching to the 
horizon, being red without, next to that yellow, then 


green, blue, and on the inner edge violet; only this 


laſt colour appears faint by being diluted with the white 
light of the clouds, and from another cauſe to be men- 
tioned hereafter *. Mfg n Oh 

8. Tnvs is cauſed the interior or primary bow. 
The drops of rain at ſome diſtance without this bow 
will cauſe the exterior or ſecondary bow by two reflec- 


tions of the far's light. Let rhefe drops be G, H, I, 


K, L; X), Ze, Fg, 4s, © & denoting parcels of rays 
which enter each drop. Now it has been remarked, 
that theſe rays make with rhe viſible refracted rays the 
greateſt angle in thoſe rays, which are moſt refrangt- 
ble. Suppoſe therefore the viſible refracted rays, which 


921. 


paſs 
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paſs out from each drop after two reflections, and enter 
the eye in A, to interſect the incident rays in 2, e, , 7, 
o reſpectively. It is manifeſt, that the angle under & e A 
is the greateſt of all, next to that the angle under a 2 A, 
the next in bigneſs will be the angle under T A, the 


nent to this the angle under Z p A, and the leaſt of all 


the angle under X A. From the drop L therefore 
will come to the eye the violet- making, or moſt re- 
frangible rays, from K the blue, from I the green, from 

H the yellow, and from G the red- making rays ; and 
the like will happen to all the drops in the lines A æ, 
Ap, As, Ar, Ag, and alſo to all the drops at the fame 
diſtances from the line A = all round that line. Whence 
appears the reaſon of the ſecondary bow, which is ſeen 
without the other, having its colours in a contrary or- 
der, violet without and red within; though the co- 
lours are fainter than in the other bow, as being made 
by two reflections, and two refractions; whereas the 
other bow is made by two refractions, and one reflec- 
tion only. _ | 1 . 
9. TAERE is a farther appearance in the rainbow 
particularly deſcribed about five years ago“, which is, 
that under the upper part of the inner bow there ap- 
pears often two or three orders of very faint colours, 
making alternate arches of green, and a reddiſh purple. 
At the time this appearance was taken notice of, I gave 
my thoughts concerning the - cauſe of it*, which I 
ſhall here repeat. Sir IS AAC NEwrTON has ob- 
ſerved, that in glaſs, which is poliſhed and quick-fil- 
vered, there is an irregular refraction made, whereby 
ſome ſmall quantity of light is ſcattered from the prin- 
cipal reflected beam. If we allow the fame thing to 
happen in the reflection whereby the rainbow is cau- 
ſed, it ſeems ſufficient to produce the appearance now 


 ® Philof, Tranſadt, No. 375, bid. Opt. B. II. pan 4. 


10. LET 
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.10. LET AB (in fig. 163.) repreſent a globule of 

water, B the point from whence the rays of any deter- 
minate ſpecies being reflected to C, and afterwards e- 
merging in the line C D, would proceed to the eye, 

and cauſe the appearance of that colour in the rain- 
bow, which appertains to this ſpecies. Here ſuppoſe, 
that beſides what is reflected regularly, ſome ſmall part 
of the light is irregularly ſcattered every way; ſo that 
from the point B, beſides the rays that are regularly re- 
flected from B to C, ſome ſcattered rays will return in 


other lines, as in BE, BF, BG, B H, on each fide 


the line BC. Now it has been obſerved above, that 


the rays of light in their paſſage from one ſuperficies ,, - 


of a refracting body to the other undergo alternate fits 
of eaſy tranſmiſſion and reflection, ſucceeding each o- 
ther at equal intervals; inſomuch that if they reach 
the farther ſuperficies in one ſort of thoſe firs, they 
ſhall be tranſmitted ; if in the other kind of them, they 
| ſhall rather be reflected back. Whence the rays that 
proceed from B to C, and emerge in the line CD, be- 
ing in a fit of eaſy tranſmiſſion, rhe ſcattered rays, that 
fall at a ſmall diſtance without theſe on either fide 


4 


(ſuppoſe the rays that paſs in the lines BE, BG) 


ſhall fall on the ſurface in a fit of eaſy reflection, and 
ſhall not emerge; but the ſcattered rays, that paſs at 
ſome diſtance without theſe laſt, ſhall, arrive at the ſur- 
face of the globule in a fit of eaſy tranſmiſſion, and 
break through that ſurface. Suppoſe theſe rays to pals 
in — F, B H; the former of which rays ſhall 
have had one fit more of eaſy tranſmiſſion, and the 


latter one. fit leſs, than the rays that pals from B to C. 


Now both theſe rays, when they go out of the glo- 
bule, will proceed by the refraction of the water in the 
lines FI, HK, that will be inclined almoſt equally to 
the rays incident on the globule, which come from 
the ſun; but the angles of their inclination will be leſs 
e THO *:Ch2 $24: %%% err I 
7 = than 
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than the angle, in which the rays emerging in the 
line CD are inclined to thoſe incident rays. And af- 
ter the ſame manner rays ſcattered from the point B 
at a certain diſtance without theſe will emerge out of 
the globule, while the intermediate rays are intercep- 
ted; and theſe emergent rays will be inclined to the 
rays incident on the globule in angles ſtill leſs than the 


angles, in which the rays FI and HK are inclined to 


them; and without theſe rays will emerge other rays, 
that ſnall be inclined to the incident rays in angles yet 
less. Now by this means may be formed of every 
kind of rays, beſides the principal arch, which goes to 


the formation of the rainbow, other arches within 


every one of the principal of the ſame colour, though 


much more faint; and this for divers ſucceſfions, as 


them. ö 94 3 « — — 


long as theſe weak lights, which in every arch grow 
more and more obſcure, ſhall continue viſible. Now 
the arches produced by each colour will be variouſ- 
ly mixed together, the diverſity of colours obſerv'd in 

theſe — 2 arches may very poſſibly ariſe from 


- 


11. In-the darker colours theſe arches 'may reach 


below the bow, and be ſeen diſtinct. In the brighter 


i ' < 6 p. # 
1 ' i : y 


Colours theſe arches are loſt in the inferior part of the 
principal a Aa of the rainbow; but in all probability 
they contribute to the red tincture, which the purple 
of the rainbow uſually has, and is moſt remarkable 
when theſe ſecondary colours appear ſtrongeſt. How- 
ever theſe ſecondary arches in the-brighteſt colours may 
poſſibly extend with a very faint light below the bow, 
and tinge the purple of theſe ſecondary arches with a 
— . .! 
12. Tꝝ x preeiſe diſtances between the principal arch 
and theſe fainter: arches depend on the magnitude of 
. the drops, wherein they are formed. To make them 
degree ſeparate it is neceſſary the drop be exceed- 
ing ſmall. Ir is moſt likely, that they are formed in 
+. the vapour of the cloud, which the air being pur in 
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motion by the fall of the rain may carry down along 
with the larger drops; and this may be the reaſon, 
why theſe colours appear under the upper part of the 
bow only, this vapour not deſcending very low. As 
a farther confirmation of this, theſe colours are ſeen 
ſtrongeſt, when the rain falls from very black clouds, 
which cauſe the fierceſt rains, by the fall whereof the 
air will be moſt agitated. „ a. 
13. To the like alternate return of the fits of ea- 
ſy tranſmiſſion and reflection in the paſſage of light 
through the globules of water, which compoſe the 
clouds, Sir Is AAC NEWT ON aſeribes ſome of thoſe 
coloured circles, which at times appear about the ſun 
and moon“. 5 . 


2 Opt. B. II. part 4. obſ. 13. 
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BY L ded each of his philoſophical treatiſes 
WES with ſome general reflections, I ſhall now 
[2 rake leave of my readers with a ſhort ac- 
count of what he has there delivered. At 
25 the end of his mathematical principles 
of natural philoſophy he has given us his thoughts 
concerning the Deity. Wherein he firſt obſerves, 
that the ſimilitude found in all parts of the univerſe 
makes it undoubted, that the whole is governed by 
one ſupreme being, to whom the original is owing of 
the frame of nature, which evidently is the effect of 
choice and deſign. He then proceeds briefly to ſtate 
the beſt metaphyſical notions concerning God. In 
ſhort, we cannot. conceive either of ſpace or time o- 
therwiſe than as neceſſarily exiſting 3 this Being there- 
fore, on whom all others depend, muſt certainly exiſt 
by the ſame neceſſity of nature. Conſequently where- 
eng | ever 
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ever ſpace and time is found, there God mult alſo 
be. And as it appears impoſſible to us, that ſpace 
ſhould be limited, or that time ſhould have had a 
beginning, the Deity muſt be both immenſe and e- 
P! | 

2. Ar the end of his treatiſe of optics. he has pro- 
poſed ſome thoughts concerning. other. parts of nature, 
which he had not diſtinctly fearched into. He be- 


k gins with ſome farther reflections concerning light, 

which he had: not fully examined. In- particular he 
1 declares his ſentiments at large concerning the power, 
__ whereby bodies and light act on each other. In ſome 
parts of his book he had given ſhort hints at his opi- 
FF mon . concerning this*, bur here he expreſly declares 
1 his conjecture, which we have already mentioned, 


that this power is lodged in a very ſubtle ſpirit of a 
F | great elaſtic force diffuſed thro' the univerſe, produ- 
18 eing not only this, but many other natural operati- 
ons. He thinks it not impoſſible, that the power of 
vity itſelf ſhould be owing to it. On this occaſion 
he enumerates many natural appearances, 'the chief of 
which are produced by chymical experiments. From 
numerous obſervations of this kind he makes no” doubt, - 
that the ſmalleſt parts of matter, when near contact, 
act ſtrongly on each other, ſometimes being mutually 
attracted, at other times repelle d.. 
3. THE attractive power is more manifeſt than 
the other, for the parts of all bodies adhere by this 
principle. And the name of attraction, which our au- 
thor has; given to it, has been very freely made uſe of 
by many wrners, and as much objected to by others. 
He has often cotnplained to me of having been miſ- 


underſtood in this matter. What he ſays upon this 
head was not intended by him as a philoſophical ex- 
planation of any appearances, but only to point out a 
power in nazure not hitherto diſtinctly 
=. vi Opt., pag- 25 3 tab ch. 3.5 1m - » 
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cauſe of which, and the manner of its acting, he 
thought was worthy of a diligent enquiry. To acqui- 


eſce in the explanation of any appearaſite by aſſert- 


ing it to be a general power of attraction, is not to 
improve our knowledge in philoſophy, but rather to 


put a ſtop to our farther ſearch. 
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